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T IS axiomatie that the precise etiologic diagnosis of hay fever requires a 

knowledge of the pollens to which the patient is exposed; in other words, a 
knowledge of the identity of those plants in the patient’s vicinity which are 
capable of causing pollinosis, their relative prevalence, the average onset and 
termination of their pollinating seasons, and their pollen-produecing capacity. 
Such information for each locality is essential in correlating the patient’s 
symptoms with the presence of his allergens, in selecting the appropriate pollens 
with whieh to perform tests, in evaluating cases clinically diagnosed as hay 
fever but failing to react to tests, and in choosing the proper extracts for treat- 
ment. For practical application, information about the facts mentioned is of 
greater importance than the variations in the quantity of atmospheric pollen 
grains from day to day within the season. 

‘ew physicians, of course, have the time, the requisite botantieal training, 
or the facilities for carrying out pollen counts or field surveys. Hence, it is 
necessary to rely upon pollination studies previously completed in the same, or 
some comparable, locale. Although the seasons vary somewhat from year to 
year, depending on a number of meteorologie conditions (see below), they are 
usually sufficiently constant for the experience of previous years to be applied 
elinies lly, 
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There undoubtedly exists a great deal of unpublished data in this field. 
Mueh of it is in the hands of allergists located throughout the country, and a 
commendable effort has recently*® been made by the Committee on a Pollen 
Survey of the Society for the Study of Asthma and Allied Conditions,?? to tap 
this rich source of material. This investigation has not vet reached the point 
where it is usetul te the practicing physician. 

In addition, seattered throughout the medical literature are a large num- 
her of carefully performed investigations whieh, im foto, nearly blanket the 
United States. These, to be sure, differ widely in seope and technique, some 
including only a single species or one related group of plants and some report 
ing findings regarding only a portion of the hay fever season. Most pertain to 





one locale only, others cover extensive regions of the country, and still others 
are national or nearly national in extent. Many are based on atmospheric 
pollen counts by gravity or other methods, some are the result of botanical sur 
veys, a few combine these two approaches, and still fewer correlate these find 
ings with elinieal observations. Deficiencies eneountered in’ various articles 





Fig. 1.—Division of the United States into nine pollination zones. 


include omission of the duration of pollination and less frequently of its exact 
onset, grouping of several species into rough *‘seasons’”’ rather than giving the 
separate dates, and inadequate identification of plants by ambiguous common 
names. Many fail to state the relative importance of each plant, or where given, 


to mention whether it is based on pollen counts, prevalence, abundanee of jol- re 
len production, or the frequeney of positive skin reactions. A common failing OV 
is the assumption, unsupported by actual determinations or any apparent scl- m 
entifie evidence, that the findings in a given city are characteristic of a w ole pl 
state or even larger area, such as New England, the Middle Atlantie States, or ti 
the South. is 
a Maas tat ot 


*At the time this paper was undertaken and started, no such study had been beg 











GOTTLIEB AND URBACH: HAY FEVER-PRODUCING PLANTS L055 


Despite all these shortcomings, which, of course, by no means apply to all 
the reports, a great deal of useful information ean be gained. And inasmuch as 
the data for one community ean properly be considered to hold for at least a 
limited portion of the surrounding territory, all these observations can be com- 
pared and combined to give a representative, over-all picture of the pollen: sit- 


uation in the United States. 
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lt is a botanical truth that probably no two species of plants precisely cor- 
respond in their distribution, range, or region of maximum growth.' More- 
over, depending on the nature of the soil, the elevation, and a multitude of 
metevrologie factors, the dates of onset and cessation of pollination vary from 
placc to place in the same area. Hopkins? has pointed out that, other condi- 
tions being equal, the variation in time of occurrence in temperate North America 
is at « general average rate of four days to each 1 degree of latitude, 5 degrees 


Ot loneitude, and 400 feet of altitude, later northward, eastward, and upward 











in spring and early summer, and the reverse in late summer and autumn. The 
average advance of the season per day is seventeen miles northward, sixty-two 


miles eastward, and 100 feet upward. 


Nevertheless, for practieal and clinical purposes, rather large districts ean 
he considered to contain a certain type of flora with pollination seasons which, 


with some variation, are by and large uniform for that area. 
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more true in that the important hay fever-causing pollens can be carried by the 


wind for considerable distances, such atmospheric pollution tending to mini- 


mize the influence of local differences in plant life. It has been customary to 


divide the country into districts according to state boundaries or the usual 


geographico-economie units. A moment’s thought will show that this cannot 


be correct for the present instance, since neither the plants themselves nor thelr fa 
air-borne pollens are any respectors of state borders. Even where states are ra 


bounded by rivers, the same flora is practically always established on | th in 
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sary to modify their map to accord with more recent publications and with the 
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articles are based on local studies or concern at most a state and are so listed. 
(In a few instances, portions of adjoining states were given consideration. 
These are entered only under the state primarily represented.) The bibliog- 
raphy also contains the references for Canada and Alaska. 

By combining and, so to speak, ‘‘averaging”’ for each zone, the score or 
more surveys done in separate localities by various methods in different years, 
it is felt that a comprehensive view is obtained, which is, In some respects, pos- 
sibly more accurate than the original studies themselves. The results of this 
method are given in Figs. 2 to 10, which constitute a pollination calendar for 


each of the nine zones. 























COMMON AND SCIENTIFIC NAME MAR.| APR.IMAY [JUNE [JULY] AUaG.| SEPT. Oc T. 
MAPLE, BOX ELDER-Acer pose 
ELM-Ulmus Descce 
COTTONWOOD, POPLAR-Populus 
Hazel-Corylus wccece 


ASH-Fraxinus 
Willow-Salix 
Birch-Betula 
OAK-Quercus 
WALNUT-Juglans 
Hickory-Carya 
Dock, Sorrel-Rumex 











ORCHARD GRASS-Dactylis glomerata 
Sweet Vernal Grass-Anthox. odor. 
Eng. Plantain-Plantago lanceolata 
NETTLE-Urtica 

BROME GRASS, CHESS-Bromus 
TIMOTHY-Phleum pratense 

FOXTAIL GRASS, WILD BARLEY-Hordeum 
RED TOP-Agrostis alba 

Wild Rye-Elymus 

LAMB'S QUARTERS-Chenopodium album 
WHEAT GRASS, QUACK GRASS-Agropyron 
Grama Grass-Bouteloua 

CRAB GRASS-Digitaria sanguinalis 
PIGWEED, CARELESS WEED-Amaranthus ep SSeS ee seen 
Corn-Zea mays aaa fa 
WESTERN WATER HEMP-Acnida 

BEARD GRASS, BROOM GRASS-Andropogon 
Russian Thistle?-Salsola pestifer 
JOHNSON GRASS, SUDAN GRASS-Holcus 
Orache, Shad Scale-Atriplex 

Western Ragweed-Ambrosia psilostachya 
Hemp-Cannabis sativa ne 
Burning Bush-Kochia seoparis 
GIANT RAGWEED-Ambrosia trifida 




















ew aedaeoesece 















































SAGEBRUSH, WORKWOOD*-artemiaia Sr hen anaes 
DWARF RAGWEED-Ambrosia elatior ecee woree 
MARSH ELDERT-Iva _ 
COCKLEBUR-Xanthium oe 
MAR.LAPR.IMAY IJUNEIJULY| AUGISEPT] Oc T. 








Fig. 6.—Pollination calendar for Zone V. Most important pollens, those of secondary 
importance, and the least important are indicated by underscored capitals, capitals, and capital 
and lower case type, respectively. 7, None in Milwaukee, Wis.; 2, very little in Omaha, Neb., 
and Milwaukee, Wis. 


It must not be thought that all the plants mentioned in the literature are 
ided in the figures. Only those of considerable importance were selected. 


As a matter of facet, references to nearly 300 species of weeds alone are to be 
F 


nd, plus hundreds of grasses and trees. The main pollination times are 
given in a heavy, unbroken line. This tends, in most instances, to be somewhat 
lonver than the actual season at any one place in any one year because of the 
totaling of the commoner annual deviations, the combination of observations 
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from widely separated localities, climatic variations, differences in the time of 
planting of cultivated species, and other factors. This is especially true of the 
spring and early summer seasons rather than of late summer and fall. 

It should also be pointed out that many plants pollinate sporadically both 
hefore and after the principal season, that loeal circumstances may influence the 
dates over a limited area, and that unusual weather conditions may eorrespond- 
ingly accelerate or delay pollination. All this is signified in the ealendars by 











COMMON AND SCIENTIFIC NAME |MAR.] APR. MAY [JUNE TJULY AUG. SE PT Oc 7 















Elm-Ulmus 

Alder-Alnus 

Birch-Betula 

Willow-Salix 

COTTONWOOD, POPLAR-Populus 
BOX ELDER, MAPLE-Acer 

JUNI PER-Juniperus 

Oak-Quercus 
DANDELION-Taraxacum taraxacum 
WINTER FAT1-Eurotia lanata 
Ash-Fraxinus 

ORCHARD GRASS-Dactylis glomerata 



































FOXTAIL GRASS, WILD BARLEY-Hordeum 





Pine-Pinus weccee 
Fescue-Festuca 

WHEAT GRASS, QUACK GRASS-Agropyron weecce 

SORREL, DOCK-Rumex ecccece secceoen 


Johnson Grass, Sudan Grass-Holcus 
BROME GRASS, CHESS-Bromus 

SALT GRASS-Distichhis spicata 
Wild Rye-Elymus 

SALTBUSH, SHAD SCALE-Atriplex 
LAMB'S QUARTERS-Chenopodium album 
TIMOTHY-Phleum pratense 

RED TOP-Agrostis alba 
PLANTAIN-Plantago pocorcce pacece 
RUSSIAN THISTLE-Salsola pestifer 
PIGWEED, TUMBLE WEED-Amaranthus 



























































Corn-Zea mays 

MARSH ELDER-Iva oe = 

COCKLEBUR-Xanthium peccee joace 

WESTERN WATER HEMP-Acnida pecece 

BURNING BUSH1-Kochia scoparia Rages. = 

GIANT RAGWEED!-Ambrosia trifida x 

Grama Grass-Bouteloua bp oonccce 

WESTERN RAGWEED? -Ambrosia peilostachya p= oecee 

SAGEBRUSH-Artemisia eccece jwecceeed 
lse Ragweed--Franseria -- 

DWARF WEED+-Ambrosia elatior womceeey jones 

AR.| APR. [MAY [JUNE|JULY] AUG ISEPT| OcT. 








Fig. 7.—Pollination calendar for Zone VI. Most important pollens, those of secondary 
importance, and the least important are indicated by underscored capitals, capitals, and capit 
and lower case type, respectively. 7, None in western Colorado, western Montana, or northern 
Idaho. 


the finer, interrupted lines. Finally, the various trees, grasses, and weeds hav 
heen graded, according to their frequeney and importance, into three groups: 
the major causes of hay fever, those of secondary significance, and those ol 
lesser consequence. This, likewise, is indicated in the figures. Needless to sa 
other plants can, less often, be responsible for occasional cases of pollinosis, 
either as a result of unusual exposure or of extraordinary weather conditions 
For localities near the boundary of a zone, it is suggested that the calendar for 
the adjacent zone also be consulted. 

Naturally, certain sources of error are inherent in pollen surveys, whet! 
by atmospheric count or botanical observation, and apply equally to this stud 
in so far as it is employed in any one loeale. 
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In the first place, the beginning as well as the end of the pollination period 


depends, from year to year, on meteorologie factors, particularly the range of 


temperature, the percentage of sunshine, and the amount of precipitation. Thus, 


an especially warm. spring and summer with heavy rainfall will appreciably 


advance the date of the first blooming, whereas a cold and dry preseason wil 


delay it. The pollen calendar cannot do more than give the average dates. 


GOMMON AND SCIENTIFIC NAME 


Willow-Salix 

CEDAR, JUNIPER-Juniperus 

Poplar, Cottonwood-Populus 

MAPLE, BOX ELDER-Acer 
Ash-Fraxinus 

Walnut-Juglans 

Winter Fat-Eurotia lanata 
Oak-Quercus 

PINE-Pinus 

DANDELION-Taraxacum taraxacum 
Fescue-Festuca 

WHEAT GRASS, QUACK GRASS-Agropyron 
PLANTAI NePlantago 
Greasewood-Sarcobatus vermiculatus 
BROME GRASS, CHESS-Bromus 

ORCHARD GRASS-Dactylis glomerata 
DOCK, SORREL-Rumex 

FOXTAIL GRASS, WILD BARLEY-Hordeun 
Corn-Zea mays 

TIMOTHY-Phleum pratense 
Nettle-Urtica 

RED TOP-Agrostis alba 

Wild Rye-Elymus 

Perennial Ray (Rye) Grass-Lolium 
MARSH ELDER-Iva 

LAMB'S QUARTERS-Chenopodium album 
PIGWEED, TUMBLE WEED-Amaranthus 
BURNING BUSH-Kochia scoparia 
Sunflower-Helianthus annuus 
SALTBUSH, SHAD SCALE-Atriplex 
FALSE RAGWEED-Franseria 
Cocklebur-Xanthium 

RUSSIAN THISTLE-Salsola pestifer 



































WESTERN RAGWEED-Ambros. psilostachya 





SAGEBRUSH, WORMWOOD-Artemisia 
DWARF RAGWEED-Ambrosia elatior 








Kig. 8.—Pollination calendar 
Importance, and the least important are indicated by 
and lower case type, respectively. 





[MaAr.| APRIMAY 


JUNE 


Jucty][Aua.|SepTtjOctT. 








pone aee 





pom enons 


Pose woes 








ececeeeea 



















eeenceen 














MAR. 


APR. 








May 


YUNE 





Juty| AUG.|SEPT.| OcT.} 





for Zone VII. 


Most important pollens, those of secondary 


underscored capitals, Capitals, and capital 


Fie. 11 shows how, under certain cireumstanees, the flowering can be hastened 


or retarded as mueh as two to four weeks. 


It will be seen that the onset of pol- 


lination of orchard grass (Dactylis glomerata) was found to vary in six consecu- 


+ 


ve years in one place from May 2 to May 29. 


In the second place, extraordinary weather conditions can cause pollens 


Which, under normal circumstances, are relatively unimportant in a given area 
Thus Feinberg and Durham’ re- 


to become major factors quite suddenly. 
ported that in the Chicago area in 1934, unlike other years, the pollens from 


certain trees and from certain chenopodiales (for example, Russian thistle) 


Were the prineipal allergizing agents. 


Duke'?’ made the opposite observation 


that pollens which ordinarily were abundant in Kansas City, Mo., were either 


absent or nearly so in a season with unusual weather conditions. 


Furthermore, in isolated cases, due primarily to uncommon conditions of 


exposure, individuals may be allergized by the pollen of trees, flowers, and 
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bushes which only very rarely cause hay fever. 


Phillips™ 


respectively, where the common sugar beet (Beta vulgaris), a member of the 
family Chenopodiaceae, is intensively cultivated, some eases of hay fever are 
due to its pollen, which is shed from early May to mid-June. Present plans to 


augment greatly the acreage devoted to this plant may well lead to an increase 
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showed that 
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in the number of such cases. MeMinn and Graham® found that the pollen 


the mirror plant (Coprosma bauert), an ornamental shrub widely planted in 
California and pollinating from the beginning of April to the end of June, yielcs 


positive skin tests in a considerable group of patients with hay fever. Langley 


reported an unusual ease of hypersensitiveness in a nurseryman to the pollen 


an exotic plant, Piqueria trinervia, due to hothouse exposure through the w 


ter. One of us (E. 
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encountered two exceptional cases in which hay fe 
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\ third important source of error lies in the fact that, even within a rela- 


small area, differences in the elevation above sea level play a significant 


in advancing or delayin 


tiv: 


g the date of first pollination by a month or more. 
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This applies, for example, to the variations in pollination time in a valley and 
the adjacent mountains. As mentioned above, for each 400 feet of altitude, the 
delay amounts to about four days. It has also been observed (Mullin) that 
the nature of the flora present varies greatly with increasing altitude. 

Despite all these obvious and inevitable faults, such tabulations of data as 
the pollen ealendars are certainly of great general value to the physician as a 
guide in the diagnosis and treatment of hay fever. 


YEAR 


1931 


1932 


1933 
1934 
1935 
1936 





Fig. 11.—Pollination times of a single plant (orchard grass—Dactylis glomerata) in six 
successive years. Note the marked variation (as much as four weeks) in the onset and cessa- 
tion of pollination in certain years. 

It must be admitted that some of the plant prevalences and_ pollination 
dates presented here are not always in accord with the accepted ideas. It can 
only be said that they represent a careful, impartial evaluation of the published 
material after the elimination of the apparently less reliable observations. This 
accumulated information cannot be considered as final but could well be sup- 
plemented by further surveys, preferable on a nationwide seale and according 
to a uniform technique. The desirability of this and the locations in which it is 
most needed will be discussed in a separate article.* 


SUMMARY 


The necessity for a thorough knowledge of the distribution, prevalence, and 
pollination dates of the trees, grasses, and weeds which cause pollinosis is 
well known. 

For this purpose, the United States has been divided into nine zones, ac- 
cording to botanical considerations. The plants which most commonly produce 
hay fever, their pollination times, and their relative importance are presented 
in nine pollination calendars, one for each zone. 
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SURFACE FILMS FORMED BY BLOOD PLASMA AND SERUM OF 
PATIENTS WITH CHRONIC ARTIRITIS® 


C. WesLerR ScuLL, Pu.D.,t AND RaLeH PempBerrox, M.S., M.D.4 


PHILADELPHIA, Px, 


INTRODUCTION 


ATIENTS with chronie arthritis present deviations from normal in respect 

to both the cellular and noncellular components of the blood. Anemia 
is common, and moderate leucocytosis and relative increments in the propor- 
tion of aged neutrophiles are frequent. lew significant alterations from 
normal have been found with respect to the fasting levels of substances having 
small molecular weights and high solubility in water, such as sugar, urea, and 
electrolytes.2. While none of the abnormalities of blood thus far deseribed 
are pathognomonic for the rheumatic syndrome, they are significant in that 
they reflect evidence of systemic disturbances. Among newly available pro- 
cedures which might be expected to throw additional light on the nature of 
the pathologie alterations in the fluid tissues of arthritis is one which de- 
pends upon the formation of surface films by the substances known to be pres- 
ent in the blood in altered amounts. Abnormal levels of globulin and albumin 
in the blood of certain clinically active atrophie arthritic patients have been 
demonstrated in this* and other laboratories.*\°> These deviations are assocl- 
ated with decreased suspension stability of the erythrocytes and with gelation 


Blood sera from compar: le 


of plasma upon the addition of formaldehyde.® 
cases show agglutinins for hemolytic streptococei.’ 

Purified proteins and lipoids possess the quality of spreading on the clean 
surface of an aqueous substrate to form thin films. Such films have been ex- 


tensively studied by Adam,* Langmuir,” Langmuir and Sehaefer,'” | 


Harkins,'' Gorter,'® '** Blodgett,'’ and many others. <A recent review 
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Gorter’? includes a comprehensive bibliography covering particularly studies 
on films produced by compounds of biologie interest. The surface films pro- 
duced by various substances exhibit characteristic qualities with respect to 
extent, viscosity, compressibility, thickness, and strueture. Such films may 
he formed by remarkably small amounts of material. Under appropriate 
conditions certain materials spread spontaneously to form films which are only 
one molecule in thiekness. The small quantities required for observation and 
the characteristic qualities exhibited by physiologically important compounds, 
such as lipoids and proteins, suggest the possibility that the procedures de- 
veloped in this field might be well adapted to the study of body fluids in health 
and disease, 

The present report presents results of an exploratory survey made to 
ascertain the extent to whieh methods of surface film study are adaptable 
to clinieal materials, especially as presented by patients with rheumatic dis- 
eases. A relatively simple technique based upon more elaborate methods used 
in the study of surface films formed by purified oils, fatty acids, other lipoids, 
and proteins has been devised; this reveals differences between blood fluids 
obtained from certain rheumatie subjects and from control subjects. A com- 
pletely satisfactory interpretation of the significance of the differences en- 
countered would require an extended and exhaustive analysis of each c¢om- 
ponent fraction of the complete fluid. Such an analysis is beyond the scope 
of the present survey. The data available, however, disclose a new physical 
index of systemic deviations from normal in the arthritie patient. It appears 
probable that Comparable deviations oceur in other clinieal conditions, and ap- 


plication of the technique described is not limited to rheumatic disorders. 


CLINICAL MATERIALS 


Patients from whom blood specimens were obtained for study were in the 
dispensary, ward or private services of the Abington Memorial Hospital, pri- 
marily because of rheumatic complaints. The general class of rheumatie dis- 
ease, together with relevant records regarding the clinico-pathologie picture, 
is indicated with individual data on the surface films formed by the specimens. 

APPARATUS 

The apparatus and general procedure represent an adaptation of methods 
described by Langmuir.'’ Details of construction are presented, not only to 
indicate fully the conditions under which data were secured, but also to show 
that semiquantitative results can be secured even though commercial models of 
surtice film balances or elaborate facilities for the construction of instruments 
are inavailable. A rectangular tray of brass was made by attaching tapped 
Square rods (®Q in.) with serews to the edges of a brass plate 30 « 8 x 1g in. 
A second reetangular enclosure was made by attaching similar square rods 
With. the first at a distance of '4 in. from the sides and 1 in. from the ends. 
The second enclosure provides a water bearing which automatically guides a 
floating barrier used in the preparation of plates with built-up films. Blodgett" 


has Comonstrated that layers of barium stearate can be used to afford a 
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measure of the thickness and homogeneity of films of unknown composition. 
The tray was fitted with a well 1 in. in diameter and 5 in. deep, 5 in. from one 
end of the tray. The inside of the tray was painted with black Duco, which 
serves several purposes; viz., seals the edges, makes materials floating on the 
surface of the water readily visible, and prevents contamination of the sub- 
strate by metallic ions from the tray. Before use, the inside of the tray and 
the edges were coated with paraffin in order to make them hydrophobie. 

To facilitate measurements of area, one edge was marked off in 14 centi- 
meter lengths. In order to provide an index of the forces exerted by films a 
chain balance was suspended six inches from one end of the tray. This bal- 
ance consisted of a beam (made from bicycle wheel spokes), a knife edge 
(one-half of a safety razor blade), supported on a bearing made by depressing 
angles in a glass rod. Lateral forces exerted by the film were transmitted 
to the beam by way of a vertical extension from the beam loosely attached to a 
float of mica, 514 in. by 34 in. In order to prevent movement of the films 
around the edges of the balance float and at the same time to permit the neces- 
sary freedom of motion, the following arrangement was devised. The float 
was fitted at each end with thin steel strips with equilateral notches, Ve in, 
Similarly notched strips (segments of safety razor blades) were attached to 
the top of the inner edge of the tray. A floating adaptor was constructed by 
fastening a piece of mica (8g in. by 1g in.) at right angles to a strip of thin 
steel 14 in. x 144 in. The latter was notched by a square Vg in. by Vg in. to ae- 
commodate the mica. This adaptor was coated with paraffin and placed be- 
tween the edge of the tray and the balance. While permitting movement of 
the float of the balance, the adaptor prevents passage of any material on the 
surface water around the edge of the balance. Pressure exerted by the films 
being transmitted to the beam ean be counterbalanced and hence estimated 
by raising or lowering the free end of the chain. The relative length of the 
chain supported by the beam provides an index of pressures exerted on the 
float. The relative magnitude of the forces encountered were estimated by 
‘alibrating the length of chain in terms of the known forces exerted by films 
of oleic acid (29.5 dynes) and castor oil (15.0 dynes). The construction and 
appearance of the apparatus are shown in Figs. 1 and 2. 


PROCEDURE 


After filling the tray with distilled water to a level of about 4% in. above 
the edge, the surface was swept clean by a sliding paraffin-coated chromiun- 
plated brass rod from the balance toward each end of the tray. Materials 
floating on the surface were thus confined to the ends of the tray. Such sweep- 
ing was repeated four or five times. As a result of these measures the surface 
of the water was made essentially free from gross contamination. On stand- 
ing, under conditions prevailing in our laboratory, a film of essentially con- 
stant size accumulated on the working area, as shown by moving a swilg ot 
the balance from a poised position when a barrier was advanced toward the 
float. Unless the area of this blank exceeded 10 sq. em. it was assumed that 


there was no significant source of contamination in the tray. As a resuit ol 





SCULL AND PEMBERTON : PLASMA AND SERUM IN CHRONIC ARTHRITIS 1073 


observations on the blood plasma of about thirty arthritic subjects, it became 
apparent that the materials in approximately one cubie millimeter of plasma 
produced films which could be handled within the working area. In view of 
the difficulties involved in the direct discharge of this small volume of fluid 
from available measuring apparatus, it was necessary to dilute the sample. 
One ¢.¢. of blood plasma or serum was diluted with 4 ¢.c. of 0.85 per cent 
sodium chloride solution. Five cubic millimeters were discharged from a dif- 
ferential pipette. While some encouraging results were secured by the direet 


transfer of a droplet of the diluted sample from a pipette to the surface of 





Photograph of surface film balance showing construction and arrangement of parts. 


water, reproducible results were not secured with satisfactory uniformity. It 
was learned that more nearly reproducible data were obtained by the inter- 
mediate transfer of the diluted specimen to a metal plate. The plate held 
ina vertieal position was then lowered cautiously through the prepared sur- 
face of water until the specimen made contact with the latter. The film-form- 
ing materials spread to the free surface of the water. After standing for five 
minutes the plate was dipped several times in order to insure the transfer of all 
of the specimen. Whether the improved reproducibility of results was actually 
due to this step or to increased skill in manipulation has not been established. 


he lata presented here were secured by this procedure. The quantity of 


film-/ormine material so introduced was insufficient to cover the entire area 
ofthe tray. The films could be moved on the surface by slowly advancing the 


barrier toward the balance until the latter moved away from the poised po- 
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sition. The barrier used for maneuvering the film was fitted with a glass slide 
cemented on at right angles, thus functioning as a T-square. The longitudinal 
extent of the film was then noted, together with the weight required to counter- 
balance the force exerted by the film. Successive decrements of area were 


made by advancing the barrier by steps of 14 em. This was followed by mak 
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2.—Line diagrams showing construction of surface film balance. Description 

. Top view of balance: 7, well; 2, movable barrier; 3, balance. 

Iind view of balance: 7, beam; 2, float; 3, tray. 

C. Side view of balance: 7, well: 2, movable barriers; 3, beam: 4, support and bearing 
5, float; 6, chain; 7, thread; 8, rod windlass, 

D. Top view showing attechment of float to edge of tray: /, edge of tray; 2, thin 
notch; 3, adapter; 4, thin steel notch; 5, mica float. 

BE. End view of adapter. 

F’. Side view of bearing: J/, glass bearing; 2, knife edge 3, beam. 

G. End view of bearing: 1/7, glass bearing; 2, knife edge }, beam. 

H. Top view of bearing: J, glass bearing; 2, knife edge; 3, beam. 


ing corresponding adjustments of the balance. Torce-area charts were con- 


structed by plotting the area in square centimeters as abscissa and the force 


in dynes as ordinate. The force-area diagrams so produced by different spec! 


mens were then compared by inspection. 


RESULTS 

In order to indicate the range of values secured by repeated deter ina- 
tions with the same specimens of blood, representative data are shown in Fi. 9. 
While the points in these instances are not identical, variations are sufficiently 
close to permit a satisfactory comparison of areas covered at any conver ent 


reference pressure. Data secured with other samples were at least equally 
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satisfactory. It may be observed that a significant difference in area appears 
hetween the films produced by plasma and serum of the same blood. Dif- 
ferences of corresponding magnitude appeared between fresh and old plasmas 
from rapidly sedimenting bloods. 

Data showing the range of representative data encountered among speci- 
mens from arthritie patients are shown in Fig. 4. While inspection reveals 
some differences in the slopes of the force-area curves, these are too small to be 
considered significant; however, the range of variations of film size are too 
ereat to be referred to variations in technique alone and must be regarded as 
real. Variations in area from 150 sq. em. per | eamim. plasmas to 045 sq. em. 
per 1 emm. plasma were encountered. 

Curve VC represents the foree-area diagram produced by a surface film 
formed by plasma from a patient with the most extensive and severe active 
atrophic arthritis in the entire series. This patient died one month later with 
a pathologic diagnosis of amyloidosis with atrophic arthritis. At the time of 
the last observation the total protein was only 4.4 Gm. per 100 ¢.¢. Curves CD 
and DL represent data from patients with active arthritis, each of whom pre- 
sented sedimentation rates of 1 mm. per min., but with a total protein of 7.2 
(Gm. per 100 «.e. Curve PP represents another normal control subject with a 
normal sedimentation rate. MP represents a case of hypertrophic arthritis 
which is intermediate between the normal subjeets and atrophic arthritie 
patients. 


DISCUSSION 


Although the initial and final portions of the force-area curves of the 
several films are variable, the middle portion approximates a straight line. 
Mor limited purposes it may be assumed that extrapolation of this segment of 
the curve to the base line represents the effective area covered by the film at 
“zero”? pressure, or more accurately, a suitable reference pressure. Obviously, 
any other selected pressure within the limits of 18 to 15 dynes could be used 
as a reference point. It is conceivable that the first swing of the balance is pro- 
duced by an extended portion of the film only or a ‘‘gaseous’’ film. For this 
reason an appreciable amount of compression is essential in order to provide 
assurance that the apparent area of the tray is covered by a substantial film. 
A constant increment of pressure with decreasing area may be regarded as 
indicating the formation of a reasonably stable film. The final stage, charac- 


terized by a relative decrease in pressure with diminishing area, may be at- 


tributed to collapse, folding or submersion of the film. The possibility that 


sone components of the film are forced into solution cannot be disposed of 
by data at hand. The release of pressure after compression in excess of 15 
dynes did not uniformly yield a film equal in area to that of the original. 

lt is probable that the film formed by blood fluids is composed of several] 
Substanees. Certain components of blood are known to form surface films 
When used alone. Lipoids, i.e., fatty acids and sterols, and proteins are known 
to possess film-forming properties. Furthermore, surface films of mixed com- 
Posi ion have been prepared from several of the aforementioned classes of 











1076 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 











20 
15 
10 
5 
~ 
100 200 700 
2 (367) (543) (627) 
AREA cm 


Fig. 3.—Chart showing comparative data in repeated determinations of the pressures 
exerted by surface films when confined to progressively decreasing areas. These films we 
produced from one cubic millimeter of plasma or serum from normal and_ arthritic subjects. 
AP, atrophic arthritic plasma; NP, normal plasma; NS, normal serums. From left to right, 
subjects: DR, WS, WS. 
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Fig. 4.—Chart showing the range of force-area curves of films produced by one ‘ bic 
millimeter of blood plasma from representative arthritis: A, atrophic; H, hypertrophic; N, 


normal. From left to right, subjects VC, JD, DL, MP, PP. 
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compounds. <A full account of the role of the individual compounds of the 
surface film formed by blood serum is beyond the scope of the present ex- 
ploratory study. 

The values recorded are not to be regarded as absolute and might vary 
with different techniques. There can be little doubt, however, as to the reality 
of the relative differences observed. The films formed by materials from blood 
serum are probably at least 25 per cent larger in area than can be accounted 
for by the proteins contained in them, even on the assumption that the latter 
are present in their most extended state. It is conceivable, however, that 
modifications in spreadable qualities may oceur during the process of isolation 
of the proteins. 

Another point of interest is the apparently larger areas of the films pro- 
duced by serum as compared with those of plasma. This is particularly note- 
worthy inasmuch as fibrinogen, a spreadable material, is absent from the 
serum. This suggests that the reactions leading to the formation of fibrin 
from fibrinogen liberate materials with spreadable qualities. Determinations 
of film areas produced by a given plasma repeated at daily intervals revealed 
substantial increments. In vitro ageing of certain plasmas apparently involves 
a liberation of film-forming material. It is further relevant to eall attention to 
the possible correlation of increased spreadability of serum and the suspension 
stability of the erythrocytes. Cells which settle rapidly in pathologie plasmas 
settle much more slowly in the corresponding serum and in aged plasma. 
These facts suggest that serum and aged plasma increase the suspension sta- 
bility of red cells because of the relatively large amounts of film-forming sub- 
stance as compared with the quantities present in fresh plasma. An alternative 
explanation based upon dilution of plasma by fluid from cells due to excessive 
salt concentration; viz., sodium oxalate, is not to be completely dismissed 
although this influence appears to be minimal. 

While it may be considered possible that differences in the physieal qual- 
ities of the film formed by blood serum with a high level of globulin might 
differ from that containing normal globulin concentrations, data presented by 
Gorter'™ would appear to minimize this probability. Several blood proteins, 
although widely different in general physical qualities, spread to form films 
of essentially the same magnitude. Thus both pseudoglobulin and fibrinogen 
form films to the extent of one square meter per milligram. Serum albumin 
which differs markedly from both of the former, in respect to molecular 
weight, electrophoretic mobility and solubility, spreads to form a film only 2 
per cent less in area. Apparently such differences as may be presented by 
pathologie specimens are not directly related to differences in the protein com- 
ponents alone. 

According to press reports Langmuir’’ has patented the use of the variable 
thickness of surface films for the diagnosis of disease. For this reason pre- 
liminary observations on the thickness of these films by the method of 
Blodgett,'® although initiated, were not further pursued in the present studies. 


The adaptability of the procedure to the study of clinical materials has 


beer. reasonably well established, and the method affords a practical means 
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of studying extremely small quantities of biologie fluids. Comparison of the 


spread of a mixed film with the sum of the areas of its components may afford 
a means of detecting otherwise unknown substances in body fluids. 

A comparison of data on various arthrities with controls suggests that 
patients showing the greatest general systemic involvement and clinical ae 
tivity present the greatest departures from normal insofar as areas of surtace 
films are concerned. Such deviations from normal are in the direction of low 
ered rather than increased areas. It appears likely that certain nonarthritic 
patients, particularly those with lowered levels of plasma albumin, may ex- 
hibit a similar departure from normal. For this reason, deviations from nor 
mal areas of surface films are not to be regarded as satisfactory solitary in 
dices of the arthritic process per se. Regardless of the precise interpretation 
to be placed upon the surface films from blood plasma of the arthritic patients, 
it is evident that the illness of the rheumatic patient involves more than dis- 
turbance in joints. 

SUMMARY 


A brief survey of an adaptation of procedures employed in the study of 
surface films directly to clinical materials reveals suggestive possibilities. A 
semiquantitative technique for the production and study of films on the surface 
of water from small amounts (one cubic millimeter) of blood serum and plasma 
has been developed. Differences have been observed with respect to the areas 
of films produced by equivalent volumes of normal and pathologie specimens. 
The areas of film formed by blood fluids from patients with rheumatie dis- 
orders are frequently smaller than those produced by blood fluids of normal 
subjects. One eubie millimeter of normal plasma produced films with areas 
of 550 sq. em., whereas the same quantity of plasma from certain severely ill 
atrophie arthritie patients produced films ranging from 150 to 450) sq. em. 
Films produeed by plasma from less acutely ill arthritic subjects attained 
more nearly normal areas. These data show that the rheumatic patient sut- 
fers from a disorder of the physicochemical pattern of his blood as well as 
from a pathologie process in his joints. 

While these deviations apparently bear a general relation to the degree 
of systemic involvement, they should not be regarded as pathognomonic for 
arthritic diseases. Some evidence is presented indicating the probability that 
a major factor determining the magnitude of the films relates to variations in 
the concentration of proteins in the specimens studied. lull interpretation of 
the observed differences requires more data than are now available, but there 
are reasonable grounds for the speculative view that certain physiologie con- 
sequences must follow upon a reduetion in the ‘‘film-forming stuff’? in’ body 
fluids. An evaluation of the role of film-forming capacity of blood fluids in 
physiologie processes and the modifications in pathologie states invites furtier 
inquiry. 
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VITAMIN A AND THE DETOXICATION OF MONOBROMOBENZENE* 


FRANK L. Hauey. M.D... ANd Grorce S. SAMUELSEN, M.A., BrookLyn, N. Y. 


HE vital relationship of evstine to insulin, glutathione and other functionally 


important sulfur compounds, led us to experiment with monobromobenzene, 
which according to White and Jackson! and Stekol,? is specifically detoxieated 
by the sulfur containing amino acids, removing them from the normal nutritional 
processes. 

In our experiments,® animals were fed quantities of monobromobenzene far 
in exeess of the amount that could have been detoxicated if all of the sulfur 
compounds of the diet were utilized for that purpose, and led us to suspect other 
modes of detoxication. 

Goernert working in this laboratory has shown that certain carcinogenic 
hydrocarbons cause a rapid depletion of the liver vitamin A. This suggests that 
this vitamin may play a role in the detoxication of aromatie hydrocarbons and 
rela‘ed compounds. 


From the Department of Biological Chemistry, Long Island College of Medicine, Brook- 
yn, : 
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In this work we have attempted to show a relationship of the vitamin A con- 





tent of liver tissue to the detoxication of monobromobenzene. 








EXPERIMENTAL 









The experimental work is divided into three phases. The first phase is a 


study of the effect of injected monobromobenzene on vitamin A deficient rats; 






the second, the feeding of monobromobenzene to normal rats and determining 






its effect upon the liver vitamin A level; and the third, the measuring of the 






effect of subeutaneous injection of monobromobenzene at various levels over 






various time intervals upon the liver vitamin A level. 






Experiment No. 1—A small series'® of white rats that had been depleted 






of vitamin A by the U.S.P. method and an equal number of normal control 





animals were given subcutaneous injections of 100 mg. of monobromobenzene in 






the form of a 10 per cent solution in corn oil. 






All of the rats in the vitamin A depleted group died within 48 hours after 





injection, while the normal animals showed no harmful effects. 






Experiment No. 2A group of 20 adult white rats, designated A, were 





placed upon a normal laboratory feed (0.54 per cent S) that had been supple- 






mented with 2 per cent of monobromobenzene. The monobromobenzene was in- 






corporated by mixing it with twice its weight of corn oil before adding it to the 
stock diet. The prepared diet was stored in airtight containers. An equal num- 
ber of control rats, designated B, were maintained on the unsupplemented stock 






diet. At intervals varying from three weeks to three months a few animals 






from each group were killed and their livers assayed for vitamin A content. 






The vitamin A was estimated by extraction according to the method of Moore° 






and the vitamin determined by the Andersen and Levine*® modification of the 
method of Rosenthal and Erdelyi,’ using a biologically standardized vitamin A 







concentrate as a standard for this colorimetric procedure. 






The results of this experiment are tabulated in Table I. 






Experiment No. 3.—Four series of adult white rats were placed upon a 





normal complete diet and given subcutaneous injections of monobromobenzene 





dissolved in corn oil (50 mg. per c.c. of oil). 






Series A received 50 mg., series B 100 mg., series C 150 mg., of monobromo- 





benzene, and series ID 2 ec. of corn oil without monobromobenzene. 






The injections of monobromobenzene were made three times each week for 
a four-week period. At the end of this time the animals in all four series were 
killed and their livers assayed for vitamin A content (Table IT). 







DISCUSSION OF RESULTS 







The first experiment shows that animals depleted of vitamin A have an 
extremely low capacity to withstand the toxic effect of monobromobenzene.  T!iis 
poor resistance cannot be entirely related to the absence of vitamin A, since 
such animals are in poor physical condition. 











In the second experiment the lower vitamin content of the animals receiving 
the monobromobenzene is definite evidence of a harmful effect of this agent. 
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TABLE I] 


GROUP B- = 


~ GROUP A 
NUMBER OF TOTAL VITAMIN A | RAT | NUMBER OF TOTAL VITAMIN A 





~ 130units | 21. | 990 units 
650 units 22. 21 700 units 


| 
| 
| 
| 


21 


21 


1700 units 23. | 28 1150 units 
1050 units 24. y 1100 units 


28 
Ds 


| 
| 
| 
| 
| 
| 


35 460 units 25. 35 1160 units 
35 650 units 26. ai 870 units 


| 
DAYS ON piEt| CONTENT OF LIVER DAYS ON DIET CONTENT OF LIVER 
. ak 
| 
| 





900 units PH e é 730 units 
150 units 28. 42 650 units 





870 units 29. | 1010 units 
800 units | 30. 950 units 


55 units L. “oes 750 units 
620 units oe. j 1170 units 


1040 units i’ SOB | 650 units 
610 units | 384, 800 units 


630 units 35. 850 units 

220 units 36. 7§ | 850 units 
| | 

380 units te 940 units 

140 units 38 620 units 


92 350 units 40. 1030 units 


| | 
| 92 400 units 39. | 92 | 880 units 
| | | 





Group A received 2 per cent monobromobenzene in diet. 
Group A lost 0.11 grams per rat per day while on diet. 
Group B lost 0.06 grams per rat per day on the normal diet. 


TABLE IT 


‘SERIES A ‘SERIES BO 7 
TOTAL LIVER RAT | TOTAL LIVER TOTAL LIVER TOTAL LIVER 
VITAMIN A No. | VITAMIN A NO. VITAMIN A NO. VITAMIN A 
760 units | 61. | 440 units E 800 units 81. 880 units 
830 units 62. | 760 units | 72. 1260 units 82. 750 units 











| 

| 270 units 63 910 units | Ta; 850 units 83. 910 units 
| 680 units 64. 900 units : 1020 units 84. 390 units 
| | 
| 





1100 units 65. 650 units oD. 800 units | 85. 1100 units 
940 units 66. | 870 units i. 590 units 86. 850 units 














Series A received 50 mg. monobromobenzene three times each week. 
Series B received 100 mg. monobromobenzene three times each week. 
Series C received 150 mg. monobromobenzene three times each week. 
Series D received no monobromobenzene. 





It cannot be assumed, however, that the vitamin decrease is directly due to its 
action in detoxifying the monobromobenzene, since there is the possibility that 
the monobromobenzene interferes with the absorption of the vitamin of the diet. 
The faet that only minor weight changes occurred during the experimental period 
proves that any interference with the absorption processes is not extensive. 

The injection procedure of the third experiment did not cause a noticeable 
change in the liver vitamin A level and proves the lower vitamin A levels ob- 
tained in the second experiment are not due to a detoxication process but are 
poss'bly associated with a failure to absorb the vitamin from the intestinal tract 
in the presence of the monobromobenzene. 
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SUMMARY 4 
Vitamin A does not appear to be associated with the detoxication of mono- ul 
bromobenzene, although vitamin A deficient animals have a lowered resistance a 
to this toxic agent. sii 
There is some evidence that monobromobenzene interferes with the absorp- MN 
tion of vitamin A. " 
t} 
tl 
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SYRINGADENITIS SUPPURATIVA TROPICALIS 
‘ 1AM 7 . ‘ “Ay mn wirohk\@ fla 
(A COMPLICATION OF LICHEN TROPICUS) * 
in 
tio 
Hisrotogic APPEARANCE AND ETIOLOGIC CONSIDERATIONS PARTICULARLY AS TO A ag 
PossiBLE RELATIONSHIP OF Ascorbic ACID AND CARBOHYDRATE METABOLISM in 
Tl 
FREDERICK Reiss, M.D., SHANGHAI, CHINA WI 
hy 
. : ‘ hes 
, | YH observation has been made by competent observers that few persons in 
the tropics escape being affected by lichen trepieus (prickly heat). Those 
without prior history of attack are generally free or are mildly affected during 
their stay in hot climates, whereas those previously affeeted are usually subject Is 
to subsequent and increasingly severe attacks of this very annoying disease. is 
Only a limited number of patients with prickly heat develop complications in tlie ves 
form of multiple furunele-like lesions. Since only a few references have been ma 
made in the literature to this complication, it was considered important to present the 
the subject not only from a general climatie-pathologie but also from a deriia- the 
tologic point of view. hee 
y° ° ° ° ° > ‘ add 
Without going into a detailed discussion, it should be noted that no aecept- 
° Oa) . > * x Whe 
able explanation has been vet offered regarding the cause of lichen tropics. ¢ 
: . , . . # Ine 
Unna! considered it an inflammatory disease of the sebaceous glands but also was 
*From the Division of Dermatology and Syphilology, National Medical College, Shar nu 
China. (Chief: Frederick Reiss, M.D.) uy 
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aware of an edematous swelling and obstruction of the epidermal cells due to dis- 
turbances of sweat secretion. Pollitzer? was partly in agreement with Unna! 
and he emphasized the obstruction of the flow of the sweat with subsequent 
sweat imbibition and swelling of the epidermal cells. Kayser® stressed the irritat- 
ing effeet of urea and sodium chloride of the sweat, whereas Ziemann‘ finds an 
explanation in high atmospherie humidity. Acton’ speaks of an inflammation of 
the sweat glands caused by staphylococci and Smith® considers Monilia as the 
etiologic agent. Very little investigative work has been done to shed light upon 
the complications of the subsequent suppurative involvement of the sweat glands. 
Most textbooks make few references to it and many do not even mention the 
existence of these after-effects of prickly heat. Castellani? stated that ‘‘ocea- 
sionally the vesicles may become purulent and crops of boils may develop.’ 
Manson-Bahr* agreed that prickly heat is a common though an indireet cause 
of boils; for the *‘breaches of surface following on the seratehing it induces 
afford many opportunities for invasion of the micro-organisms of furunecular 
disease.”’ Plehn® (in Mense’s handbook) refers to the lack of cleanliness and 
seratehing which may be blamed for extensive lesions and deep suppurations. Tn 
recent literature Acton and Smith®° make brief mention of its oeeurrence in 
India and Nigeria, respectively. G, Pernet’s'® histopathological interpretation 
of Radeliffe-Crockers case of aene agminata should, however, be mentioned, this 
heing the first observation of similar nature. ‘‘The primary change appeared 
fo occur about the sweat coils which were more or less disorganized by an in- 
flammatory leucoeytie infiltration. In parts, a hair follicle had also become 
involved and neerotie changes had taken place in the central parts of the infiltra- 
tion. There is also a perivascular infiltration. The origin about the sweat gland 
agreed with the clinieal evolution of the individual lesions, which commenced 
in the deeper parts and gradually came up to the surface with suppuration. 
The disease had started somewhat suddenly, about the end of August, 1901, 
while the patient was at the seaside for his holiday. No plasma cells were found 
by Pappenheim’s method; few sections were stained for tubercle bacilli with 
negative results. ”’ 


CLINICAL APPEARANCE OF LICHEN 





TROPICUS 
Lichen tropicus (prickly heat) makes its appearance when the temperature 
is around or above 90°, in regions with high atmospheric moisture. The onset 
is characterized by a severely itching disseminated, follicular, periporitie 
vesicular eruption which the naked eye would recognize as a small follicular 
macule. The most favored regions are the covered parts of the body, especially 
the flexoral folds where often the eruption first appears. Only exceptionally is 
the face more severely involved than the rest of the body. The tiny vesicles soon 
become turbid, rupture, and oceasionally an eezema-like plaque appears which 
adds to the already existing irritation. With the change to cool weather or 
Whe: proper treatment is given, the eruption subsides. This is followed by a 
fine !esquamation. 

| Complication of Lichen Tropicus.—As already pointed out, only a limited 
nun er of people show severe involvement of the face and these are the persons 
Who ire frequently subject to a peculiar complication. Though itching may 
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be absent on the face or be considerably attenuated, there appears instead a grow- 
ing sensation of tension over the face (rarely over the buttocks or the sub- 
mammillary regions) which is followed by the appearance of numerous painful 
split-pea-sized and larger superficial and deep nodules (Hig. 1). These lesions at 
the onset are covered by shiny red skin which, after several days, may either de- 
velop a purulent top with subsequent suppuration of deeper portion of the 
lesions, or the lesions may disappear after four to eight weeks by absorption. 
Many weeks after the disappearance of the lesions there still remains a visible 
trace in the form of a distinct hyperpigmentation. Searring occurs occasionally. 
The course of the disease is limited to from one to two and one-half months, 


during which time patients are incapacitated, not only on account of the un- 














Fig. 1.—Profuse outbreak of nodular lesions with limited involvement of the upper and 
lower eyelids. Note the complete freedom of the center of the upper lip and of the chin. 

Fig. 2.—Lesions are numerous on the bridge of the nose and forehead, but the periocula 
or perioral regions are hardly affected. 





sightly appearance but at times also on account of pain and constitutional symp- 
toms. Regional lymph nodes are slightly enlarged but never suppurative. This 
complication has been named syringadenitis suppurativa tropicalis. 

Occurrence of the Complication.—Ot twenty cases personally investigated, 
the face alone was affected in sixteen. The forehead and the bridge of the nose 
showed the severest involvement, whereas the periocular region, the upper |!) 
especially the center (philtrum) and the lower lip and chin were free (Fig. 2). In 
two cases a few nodules developed on the buttocks of two men and in two women 
a few lesions were observed under the breasts. In not a single instance were ‘lie 


axillae, the palms or the soles involved. 
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HISTOPATHOLOGY OF THE COMPLICATION 


On aceount of the site of the lesions only a very limited number of women 
eave their consent for biopsy. Microscopic examination of the 20 cases were 
therefore made in only & instances. In four cases serial sections were made. 

Epidermis.—In general the epidermis shows the following characteristic 
changes. In the majority, a distinet enlargement of the sweat and follicular 
orifices is observed. In an equal number of cases a subeorneal cavity is filled 
with detached, poorly staining cells, serofibrin and in later stages with leuco- 
eytes and organisms. The pustules are intraepidermal (producing splitting of 
the lavers), the floor being composed of an edematous rete malpighi and the 
roof of lightly stained edematous prickle cells. The contents showed neerotie 
cells, leucocytes, and cocci. The surrounding area is distinetly edematous. These 
changes correspond to the position of sweat glands and in seetions one ean fre- 
quently trace an inflammatory focus above a sweat gland. 

Corium.—The corium is the seat of major changes (Fig. 3). The papillary 
capillaries are dilated and surrounded by leucoeytes and lymphocytes and ocea- 


Fig. 3.—Low power photomicrograph showing: dilated pilosebaceous orifices; cellular break- 
down above a sweat gland, with partial involvement of the coils. 
sional plasma eells. The sweat ducts are also distinetly dilated and invaded by 
leucocytes and poorly staining cocci. This change increases with the beginning 
of the sweat duet. Not a single duct shows a cellular breakdown. The area above 
the sweat gland is generally the seat of cellular disintegration where small 
cavities are formed filled with necrotic cellular debris, leucoeytes, and coeci. The 
coils are frequently also involved in the disintegrating process; there is no 
conclusive evidence as to whether the primary seat is the glandular parenchyma 
or Whether the infection is transmitted through the duct or from the surrounding 
area. But it seems very suggestive that the infection travels partly via the 
sweai duct. Rarely, perifollicular abscesses involving the sebaceous glands are 
noticed. Most of the sections, however, reveal a tendency for abscess formation 
to develop above the sweat glands and only in rare instances is the localization 
a haphazard one. The eutaneous lymphatie spaces are dilated and infiltrated 


With inflammatory cells. At times one gains the impression as if the process 


woul! spread by the lymphaties. 
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CLINICAL NOTES 


Our investigation of syringadenitis suppurativa tropicalis was carried 
out during the months of June. July, and August in 1939, 1940, and 1941 and 
is based on the observation of twenty Chinese patients (eighteen females, two 
males). The youngest was 17 vears of age and the oldest 26. While this report 
deals only with Chinese, it should be noted that a similar complication is occa 
sionally met with in other races in the same locality, whose occupation demands 
an outdoor life (at times also after long games of tennis, golt, ete.). A striking 
feature in our eases was the prevalence of the disease on the face and the pre 
dominating number (90 per cent) of young women (farmer, gardener class 
Lack of cleanliness of the face can be safely discarded as a possible cause becauss 
the Chinese indulge in frequent wiping of their faces with towels dipped in boil 
ing water. It could also be considered that seratching could be a contributory 
factor for infection. The fact, however, is the least irritated part of the skin 
and is hardly ever scratched. These possible exogenous etiologie factors wer 
therefore partially eliminated and our attention was drawn to certain climatic 
and metabolic considerations. The staple food of the class of Chinese unde 
our investigation consists of vegetables and polished rice. The intake of vitamin 
C during the summer is adequate and a nutritional insufficiency seemed unlikely. 
For the sake of comparison it should be mentioned that on account of the lack 
of green vegetables, the ascorbic acid level in the blood scrum of the Chinese (i 
Peking) is considerably lower during winter. This, according to T. F. Yu,'! is 
not due to racial difference because the serum ascorbic acid level goes up im 
mediately as soon as ascorbie acid is added to the diet. 

In tropical Java, de Haas’? investigated the vitamin C serum level of Chines: 
and found that 0.86 mg. per cent was the average for 42 healthy persons. Our 
(unpublished) observations in healthy individuals during the summer montlis 
gave substantially the same results. We expected therefore that the excessiv 
perspiration may cause an appreciable loss of vitamin (. This alteration may 
render the depleted skin susceptible to infection. Furthermore, a disturbed 
carbohydrate metabolism was expected, basing our supposition on the faet that 
an increased blood or tissue sugar content is favorable for the development of 
pyogenic infections of the skin. Our investigation ineluded (1) blood serum 
vitamin C determination (according to Pijoan and Klemperer'’), (2 
sugar determinations (according to Hagedorn and Jensen) ."* 

Serum Vitamin C Determinations.—Among the 20 patients investigat 
the lowest level was 0.05 mg. per cent and the highest 0.78 mg. per cent. The 
average was 0.15 per cent. The daily administration of 200 to 300 mg. of ascor)ic 


acid (Redoxon ‘‘Roche’’) increased the blood serum vitamin C level only mod- 


erately (10-20 per cent) during the period of excessive perspiration, whereas 
there was a definite rise with the onset of cooler weather and subsiding pers} ira- 
tion. This gives an indication of a possible partial pathomechanism for 
vitamin C depletion and may also explain to a certain extent our difficult 
obtaining a saturation level of vitamin C during the period of excessive pers} 
tion. 
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BLOOD SUGAR TOLERANCE TEST 


Among the 20 cases investigated, the lowest fasting glucose level was 40 me. 
per cent and the highest 70.5 mg. per cent making an average of 50.5 mg. per 
cent. After the intake of 1.75 Gm. of elueose per ke. of body weight, the blood 
sugar concentration showed a rapid rise (80-50 per cent) in the first fifteen 
minutes. After forty-five to sixty minutes, there was a drop of 15-20 per cent 
as compared with the initial rise. After two hours the level reached its highest 
peak with an inerease of 40-50 per cent as compared with the fasting blood sugar 
level. After three hours, a 40-50 per cent imerease was still present. This 
pattern of blood sugar tolerance has been observed in 80 per cent of the eases 
that were studied. A typieal example is Chang Chen Chi, 17-vear-old gir] 
(O.P.D. No, 187149). (Chart 1.) 


Glucose was not detected in a single specimen of urine. 


MG.% 


Ma 


110 








] T T 
Fasting '/4 1 2 3 


HOURS 





Chart 1 Typical glucose tolerance curve, 






INTERPRETATION OF DATA 


In order to correlate the low Serum ascor'| i¢ aeid, with the low fasting blood 
sugar level, and the delaved olucose exeretion, 1 may be of interest to reeall 
the many investigations dealing with the relationship and with the effect of 
ascorbic acid on carbohydrate metabolism. It may be stated at once that there 
is a great variation in the reported results which is probably due to the different 
methods in use. While a number of investigators found that the administration 
Of ascorbie aeid to diabetics lowered the blood sugar: others sueh as Asinelli,’® 
Mosonyi and Aszodi,'® Stoicesco and Gingold” and Tarsitano and Spena’’ found 


that the administration of ascorbic acid increased the level of blood sugar. 
pes , ° . 1 2 F ‘ 
Wil found that vitamin C medication increased the blood sugar level espe- 


under hypoglycaemic conditions. Stepp?’ and Schroder?! and Alten- 
burec p22 


cial] 


investigated the glycogen mobilizing effect of adrenalin. They found 
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a higher blood sugar peak after combined ascorbie acid medication in comparison 


with adrenalin alone. Kreitmair?® confirmed these findings with his experiments 






on cats. Hamne** gave ample proof in his excellent monograph of the relation- 
metabolism. According to his very care- 





ship of carbohydrates and vitamin ( 
fully executed studies, the glucose tolerance curve showed an abnormal course in 






hypovitaminosis C. Not only was an excessive rise of blood sugar observed, but 






the post alimentary insulin seeretion was provoked much later in comparison 
standard. It should be noted that animals 





‘ 


with cases with a normal vitamin | 
kept on a low vitamin C diet develop a compensatory hypertrophy of the islands 






of Langerhans. (Rondoni and Montagnani,?” Monasterio,?® Borghi?’ and De 






Otto.2*) These findings are parallel with the conelusions reached by Dessy and 
Doneddu? who found that both in normal persons and in diabetie patients in- 


travenously administered ascorbie acid was recovered in greatly reduced amounts 






when a simultaneous intramuscular injection of insulin was given. 






There is little doubt that the close interrelationship between the carbohy 





drate metabolism and vitamin C is firmly established. Apparently vitamin C 






plays in the carbohydrate metabolism the role of a bio-regulator. In other words 






vitamin © enters into the regulation of the blood glucose level in an important 





way in that it increases this level in hypoglycemia and decreases it in hyper 





glycemia. This interpretation would also offer a reasonable explanation for our 







findings. 





Not only is the low fasting blood sugar level compatible and explhieable 
with the low vitamin € blood serum level but the abnormal glucose tolerance 





test is a further characteristic in cases of vitamin C deficiencies. The high 





blood sugar curve after 2 hours indieates a lowered tolerance for earbohy- 





drates and the persistent pathoglycemie peak after 3 hours serves as an added 





confirmation to the foregoing statement. The unexpected reduction of the 
blood sugar level after the initial rise is due to the effect of the low vitamin C 







level which stimulates insulin secretion (insulin effort phenomenon). This 





sudden effort apparently hinders the subsequent insulin secretion, which sup- 






position is well based on the renewed rise of the blood sugar level which almost 






hears a certain resemblance to the blood sugar curves seen in diabetie patients. 







How far the adrenals are involved in this mechanism on account of the low 
vitamin C level, or are altered in their function on account of the enormous 






loss of sodium chloride through perspiration should be made a subject of 
further studies. It is, however, noteworthy to mention that MeQuarrie®’ ob- 
served a more efficient carbohydrate utilization with a high sodium chloride 
medication and MacLean*! gave evidence that the simultaneous sodium chlo- 


ride medication in diabetie patients has reduced the insulin requirements. 











CLIMATIC FACTORS 









All of our patients lived largely an outdoor life whereby they were 
posed to the effects of the sun during June, July, and August eombined with 






the excessive atmospheric humidity and high temperature. No studies re- 






garding climatic physiology of the skin has been carried out by us, but 1 is 





of interest to relate the experiences of Marechionini and Tor.*? These aut)ors 
have found in Anatolia (Turkey) during the summer months an enorn 
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increase of pyodermic infections of the face especially in individuals from ten 
to twenty years, females predominating. The authors offer proof that not 
only experimentally after ultraviolet ray exposure but also in individuals ex- 
posed to the sun, (1) the pIl of the skin is shifted toward the alkaline side 
from 9.24 to 7.28); (2) in the dialysate of the skin the sugar, calcium and 
catalase increases and the amylase decreases. 

Marchionini’s*? skin glucose findings, have not been correlated with 
blood sugar examinations. It should, however, be mentioned that low blood 
sugar figures do not exclude higher skin sugar findings in the same individual 
as the investigations of Urbach®* have demonstrated. Whereas Hl. Laurens* 
states that “‘irradiation produces a lowered blood sugar and increases sugar 
tolerance.’’ While no confirmation of Marehionini’s findings has yet been re- 
ported, it seems a fair and logical working basis to explain the predisposition 
of the face for pyogenic infection of our cases. The shifting of the pll of 
the skin towards the alkaline side would certainly render the skin surface 
favorable for staphylococcus infection more especially in a skin in which the 
sugar concentration has been inereased. The increase of catalase could. in- 
dicate an inereased oxidation-reduction which in our cases may explain the 
reduced vitamin C level of the blood. This depletion could furthermore be 
interpreted as a partial loss of excessive perspiration knowing that the sweat 
contains approximately 0.08-0.5 mg. per 100 ¢.¢. and partly also in the later 
stages on account of the inflammatory purulent process knowing that the 
presence of oxidative substances in staphylococci especially demands an in- 


creased vitamin C metabolism (Harris) .°° 


BACTERIOLOGIC. FINDINGS 


Cultures were made on 2 per cent glucose-agar from the superficial follicu- 
lar vesicles, and also from the deeper lesions. In not a single ease could we 
obtain Monilia, but in 19 eases Staphylococcus aureus was obtained in pure cul- 
ture, whereas in 2 cases a seanty growth of Staphylococcus albus and Staphylo- 
coccus citreus were found. 


DIFFERENTIAL DIAGNOSIS 


Without previous knowledge of the clinical features, the first impression 
is suggestive of an iodide or bromide eruption. These can usually be ruled out 
because of a negative history of halogen ingestion. Against pustular sy philide 
are the acuteness of the lesions and the negative serologic finding. Furuncu- 
losis can be ruled out because of the absence of necrotic cores and beeause 
the localization is not strietly follicular. The symmetry is not a characteristic 
leatire of either furunculosis or impetigo. Pyogenic infections following 
mosquito bites are frequent in China but favor more often the lower ex- 
tremities. In all such instances, we see more or less impetiginous-erusted 
lesions developing at the site of scratching. From bacterids the differential 
diagnosis is usually not difficult because of the absence of an infectious focus 
and because of the unusual localization. From Harara (Heat disease of the 
lace in Palestine) described by Dosztrovsky*® this affection ean be also dif- 


lerentiated because of the absence of phlebotomus in the Shanghai region, the 
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stinging of which is the cause of the disease. In its clinical appearance, 
svringadenitis suppurativa tropicalis is similar to varus nodulosus (Brook ),°‘ 
hut the possibility of confusion is eliminated by the facet that varus nodulosus 
has a chronic course and long duration and also because of the absence 
of vesiculation and = suppuration. Acne agminata (disseminated — follieu- 
lar lupus of Tilbury and Fox, aenitis of Barthelemy, hydradenitis destruens 
suppurativa of Politzer) should be mentioned not only because of the localiza- 
tion on the face, but also because of the long controversy whether the sweat- 
elands are the sites of primary involvement. The coppery colored lesions, their 
sluggish onset, the indolent nature of the disorder, the tuberculoid histologic 


changes are features not present in the disease under discussion in this paper 


DISCUSSION 


Inflammatory and suppurative conditions affecting apocrine sweat glands 
are well known (Hydradenitis suppurativa). The only disease entity which 
concerns inflammation of the ecerine sweat glands, are the multiple ab 
scesses of infants. Though the age incidence is entirely different, the clinical 
picture is similar with pea-to-hazelnut size, reddish, disseminated, hemispheric 
swellings which become fluctuating and discharge a greenish pus. The caus 
ative agent is Staphylococcus albus and the histopathology has a good many 
features in common with svringadenitis suppurativa tropicalis. In mul 
tiple abscesses of infants the onset is a periporitie pustule which penetrates 
into the deeper strata of the cutis and finally reaches the subeutis in the region 
of the sweat glands which at times are also involved in the process though 
often remain intact. In the disease under discussion in this paper it is also 
rather suggestive, but not quite obvious, that the process is a direct eon 
tinuation of the invading infection through the sweat ducts. It is, however, 
also analogous that the infection may be carried from the vicinity to the 
sweat glands. 

Pyogenie infections of the eccrine sweat glands of adults are not known 
in the temperate zone, and only certain climatic conditions and metabolic 
changes such as occurred in our patients would explain such an eventuality 
The dilated sweat pores in prickly heat are not only a natural port of en- 
trance for pyogenie cocei, but the irritation due to profuse perspiration renders 
the sudoriparous apparatus a locus minoris resistentiae. To this we have to 
add the diminished bacteriostatic power of the greatly diluted sweat and the 
possible changes brought about by the action of sunlight (increased sugar ot 
the skin, ete.). While with large doses of vitamin C (900 to 1000 me. dail) 


an appreciable improvement was noticed, smaller doses, 2 to 300 me. were onl) 


effective when the hot weather subsided and perspiration decreased. e 
serum vitamin C and blood sugar level could only be increased with diffieu't) 
during the hot season, but both improved simultaneously with the onset of the 
cooler weather. These observations lead us to conelude that through the ex- 
cessive loss of vitamin C the carbohydrate metabolism was disturbed. Though 


the fasting blood suear level was rather low, the glucose tolerance test showed 


not only an abnormal high posteibal range, but also a delayed excretion 01 


the sugar. The possibility of an increased glucose content of the skin, n 
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especially of the exposed parts, must be considered. The findings of Marehi- 


onini and Tor,*? in respect to cases similar to our own, appear fairly reason- 
able because in our cases the facial localization was also a predominant feature 
and the covered parts seldom revealed lesions of a similar nature, though the 
frequent seratchine, particularly of the covered regions affected by prickly 
heat, would greatly favor an infection. How far, besides the disturbed carbo- 
hydrate-vitamin C equilibrium, other colloidal chemical changes of the sweat 
gland parenchyma are involved is a matter of conjecture and beyond the scope 
of the present report. 


TREATMENT 


Treatment consisted of conservative measures, though in a few cases 
small incisions were made. Otherwise the loeal treatment depended chiefly 
on the stage of the disease. In case of pain, COMPpPLresses W ith a soothing lotion 
was applied. In cases where the lesions were nearing breakdown, application 
of the following ointment was found effective: 

Ichthyol 10.0 Gri. 
Hvdrarg. oxyd. rubr. 0.2 Gm. 


Resorein 0.4 Gm. 


Vaseline aad 20.0 Gm. 


Internal medieation included ascorbic aeid, 200-1006 me. daily. Neither the 
sulfonamide drugs (sulfathiazole or sulfapyridine) nor toxoid gave us any en- 
couraging results. 


CONCLUSIONS 


I. An inflammatory and suppurative disorder of the eecrine sweat glands 
occurring in’ Chinese patients has been deseribed under the name syring- 
adenitis suppurativa, tropicalis. 


2. The disease is thought to be a complieation of iichen tropicus (prickly 


3. The causative agents of the disease are assumed but not proved to be 


he Staphylococet aureus and albus. 


4. Evidence is advanced that the inflammatory involvement and. infee- 
ion of the sweat glands is furthered hy an excessive loss of vitamin ( anc 
altered carbohydrate metabolism. 

>. Treatment consists in the use of appropriate topical applieations arn 
Vitamin C internally. 

I wish to express my appreciation to Dr. C. S. Pan, I, assistant of the Division of Derma- 


National Medical College, and to the Division of Physiological Sciences, Lester Institute 
‘dical Research for their kind assistance in the execution of the biochemical investigation. 
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THE DIFFUSION OF DYES IN ETHYLENE GLYCOL GELS 


FRANCES CC. Brown, PH.D., AND E, Emmet Ret, PH.D. 
BALTIMORE, Mp. 


INTRODUCTION 


_ peiageesysniae has pointed out the relation between the diffusion of a 
dye and its usefulness as a tissue stain. Regardless of whether the meeh- 
anism of staining is explained by the formation of chemical compounds between 
the dye and the tissue'* or by the adsorption of the dye by the tissue,’ the rate 
of penetration of the dye is a factor which must be considered in the choice of 
a dye as a stain. Stiles’? has shown that conditions in dilute gels duplicate 
closely those present in tissues. Fautrez and Lison* have emphasized that 
while diffusion in a gel is a complicated process and should not be expected 
to give true values of the dimensions of the diffusing particle, nevertheless 
diffusion in tissues and in gels are similar processes and are controlled by the 
same factors. Accordingly, the diffusion of dyes in gels should throw some 
light on the usefulness of dyes as stains. 

The diffusion of certain acid and basie dyes in ethylene glycol gels has 
been measured. Among the acid dyes investigated were: orange II], mereuro- 
chrome, metanil yellow, congo red, and pontamine blue BBE. Chrysoidine Y 
was chosen as a representative of the basie dyes. Diffusion took place in 5 
per cent gelatin gels of 80 per cent buffered ethylene glycol. Ethylene glycol 
was chosen as the solvent, because Geschickter® has used it successfully in 
this capacity in staining tissue cultures. Its antiseptic properties are advan- 
tageous in preventing the growth of bacteria in the gel over a long period of 
time. 


METHOD 


As the buffer salts (sodium hydroxide and potassium acid phosphate) re- 


quired to make gels of the desired hydrogen ion concentration are insufficiently 
soluble in ethylene glycol, some water had to be added. For uniformity, all 


solutions were made to contain 80 per cent of the glycol, the rest being water 
and buffer salts as required. This solution was used in the preparation of 5 
per cent gelatin gels. The hydrogen ion concentration of sample solutions was 
measured by Dr. W. C. Harden of Hynson-Wescott-Dunning, Baltimore, Md., 
with the quinhydrone electrode and colorimetric standards prepared from 
these solutions were used as cheeks. Solutions of pli 5.5 and pH 7.65 were 
used, 

The unsolidified gel was divided into two portions. One portion was 
poured into a 16 mm. test tube until the tube was approximately half full and 
allowed to solidify in the thermostat at 0° C. To the other portion was added 
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sufficient dye to make a solution M/200 in actual dye content. The gel con- 


taining the dye was poured over the solidified clear gel of the same pIl and 






placed in the thermostat. The dye was therefore diffusing into a medium 






identical in all respects, except for the presence of the dye, with that in which 







it was dissolved. 





In the measurement of the diffusion, a photometer was used to compare 





the amount of light transmitted through a neutral glass filter and through 





the gel containing the dye solution. Two glass filters were used corresponding 





to different concentrations of dye, ¢, and ¢,, with ¢, representing a larger con 






centration of dye than ¢,. Daily measurements were made of the distances 
(d, and d,) from the initial concentration of the dye, M/200, to the concentra 


tions ¢, and ¢, measured by the photometer. In principle, this method is simi 







lar to that used by Furth® and by Fautrez and Lison® who measured the dis 






tances the dye diffused to reach a concentration which was a definite fraction 





of the initial concentration. Their experimental arrangements differ from 





those described in this paper in that they used microtechnique and measured 





diffusion in the solvent alone rather than in a gel. 





The boundary between colored and coloriess gel was also measured. 





Here the setting was not a photometrie one; the line of demarcation between 






colored and clear gel as intensified by the optical instrument was measured. 





The symbol d, represents the distance of diffusion of the dye from its initial 
concentration, M/200, to a coneentration so small that to visual observation 







it appears to be zero. 






The laboratory measurements of two or more different samples of the same 


dye were plotted, using as ordinates the distances in mm. and as abscissae the 






time in days. A smooth curve was drawn between the points and the dis 





tances read from this curve. Fig. 1, in which the cireles and triangles repre 





sent readings from two samples, illustrates the procedure followed and indi 








eates the amount of error involved in the measurement. 


RESULTS 







In Table I are assembled the distances in mm. which the dyes diffused at 










the end of 20 days. 


TABLE I 











AFTER 20 DAYS 





DISTANCES OF DIFFUSION IN MM. 












DYE pH 5.5 pH 7.69 
d, d d d, d, d. 

Congo Red-—com. 9.2 10.6 12.85 9.45 11. 12.4 
Congo Red purified 9.0 10.4 12.9 9.5 10.6 12.3 
Pontamine Blue BBF 10.05 11.1 13.3 9.5 10.6 11.6 
Orange II 13.4 14.6 16.85 14.0 15.6 17.50 
Metanil Yellow 13.6 14.9 16.8 14.05 15.85 17.6 
Chrysoidine Y 14.75 16.4 18.6 17.4 18.45 19.45 

13.¢ 14.4 15.43 


Mereurochrome 








Conn*® has shown that impurities present in the dye may affect its use- 





fulness as a stain. As some of the dyes were technical samples and others 





carefully purified, it was important to discover whether the presence of iiil- 





purities commonly found in technical samples would influence diffusion W 
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the actual dye content of the two samples was the same. The differences in 
the diffusion of a commercial sample of Congo Red and of a purified sample 
were found to be negligible, usually 0.2-0.3 mm. or less. This statement is 
based on a daily comparison of the diffusion distances of duplicate samples of 
the two dyes over a period of 30 days. Probably the buffer salts in the solu- 
tion make the effect of additional salts present in the commercial sample neg- 
ligible. These results are in agreement with the work of Valko." 

Table I gives the results of measurements at the two pH values investi- 
vated—one of them, pH 5.5, being very near the isoelectric point of gelatin; 
the other, on the alkaline side. There is little regularity in the slight dif- 
ferences in distance at the two pll values for the dyes with higher molecular 
weight; the dyes of lower molecular weight, which may be considered in true 
solution, show a slight but regular tendeney towards more rapid diffusion in 


the solutions of higher pll. Mommsen'® and Pischinger'? in studying the effect 



































Time (days) 


Metanil Yellow pH 5.5. Circles and triangles represent measurements on different 
samples. 
‘changing pH on the diffusion of dyes in gelatin gels have found that aeid 
ves diffuse more readily in less acid media and basic dyes more readily in 
ss basie solutions. Their experiments cover a wider range of pH, especially 
the acid side; our experiments fall within the pH range in which Pischinger 
nd very slight changes in the diffusion distances. 

From Stefan’s development of Fick's law, the square of the amount of 
stance diffusing divided by the time should have a constant value if the 
tial concentration of the diffusing substance and the cross section in which 
usion is taking place remain unchanged. Stefan found that the same re- 

mship should be true if the amount of substance is replaced by the dis- 

‘e of diffusion to a definite concentration, thus giving a eonstant value 
portional to the diffusion constant. These relations were tested experi- 

tally and found true, at least as a first approximation.'® 
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: ey F 
Values vl ; were caleulated from the three measurements deseribed 












' . .d 
above. It is evident from lig. 2, in which values of , are plotted as ordinates 










against corresponding values of ¢ as abscissae, that in the case of the first 





two measurements, d, and d,, constants were not obtained, but that with 





the third measurement, representing diffusion from a solution M/200 to an in- 












































Fig. 2.—Orange II pH 7.65. 












finitely dilute concentration of dye, a constant resulted. Further inspection 





shows that in the first two measurements, values which should be constant 





increase with increase in time. This suggests a logarithmie curve. Figs. 3 






and 4 represent logarithmie curves for diffusion distances of typical dyes. 





Logarithms of the distances diffused were plotted as ordinates with logarithms 






of the corresponding times as abscissae. Straight lines were obtained with 






the first two measurements, d, and d., as well as with the third measurement, d.,. 





. . . R E — eg , 
The slope of the line for d., is 2, giving constant values for - but the slope of 





the lines for d, and d, is some fractional value between 1 and 2. When values 









d ' 
of — are calculated for the distances represented by d, and d,, with n repre- 






senting the slope as determined from the logarithmic curves, constants are ob- 
n 


: - Jd . a 
tained. In Table II, values ot ; are compared with values of ; for a typical 





ease. In Table III, values of the slope, x, and of the constant, ky from the ex- 






I 





d ; : 
pression, k =— , are assembled for the various dyes. 








DISCUSSION 


Many of the logarithmic plots show a different slope at the beginning of 





the process from that followed during the later stages (see Figs. 3 and 
5 > 5 
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Fig. 4.—Chrysoidine pH 7.65. 
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This means that the advance to a definite coneentration is slower and that x 


has a lower value in the initial stages of penetration. Similar results have 


been observed by Stiles'® and by Bigwood! in studies of the penetration of 


electrolytes and of dyes. Change in structure of the gel with ageing may 


account for the inerease in diffusion. In such cases the values of n in Table 


III are taken after the change in slope which occurs when diffusion has taken 
place for 8-10 days. 
TABLE I] 
CALCULATION OF DIFFUSION CONSTANTS 
Conco RED, pH 7.65 
is a constant representing the slope of the logarithmic curves 
dy 3 az 
t 


61 


dot 


ay) 97 9) Se) 9) I) I) =) 1 JS 1 


TABLE III 


MMARY OF DIFFUSION CONSTANTS OF DYES 
qd" 


FROM THE EQUATION k , 


Congo Red 
Congo Red—com. 
Orange II 
Metanil Yellow 
Chrysoidine Y 


Congo Red 

Congo Red—com. wo 

Pontamine Blue BBF WE 2.6 794 
Mercurochrome ys S87 
Orange II : 
Metanil Yellow 6 a 719 
Chrysoidine Y ) .818 


SOS 


Even if the conditions upon whieh Fick’s law is based (maintenance 
the initial concentration of the diffusing substance and of the cross section 
which diffusion is occurring) are observed, deviations have been noticed 


pecially in the diffusion of a colloidal substance within a eel, One explanati 


which has been offered is that the gel may act as a sieve, holding back lars 
particles (which may be caused by association of molecules or ions) and y) 
mitting the passage of smaller particles. This effect is unlikely in the presi 
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experiments, beeause deviations are observed with dyes of large and of small 
molecular weights and because the dye in penetrating into the gel finds the same 
structure of gel as that in which it was dissolved. Another and more probable 
cause of the apparent deviations reported in this paper is adsorption of the dye 


on the fibers of the gelatin. Moravek'' has measured the penetration of the 
















lead ion into a gelatin gel containing bichromate ion and finds that the results 
Mav he expressed by a parabolic equation : 


l 
Nn 





a = kt 
in which @ represents the depth of the diffusion laver, t the time, and k and n 
are constants. He aseribes his results to the affinity of the ion for the gel. It 
will be seen that the above equation is in agreement with the one we have used. 
Friedman’ has studied the relationship between the molecular weight of 


nonelectrolytes and their diffusion constants measured in gelatin. When he 





plots \pueeinst k times 10°, the values fall near a straight line, showing that 
V | 

the size of the molecule influences diffusion to a large extent but that each 

substance does have some specific effect on the gelatin which prevents the 


product ky M from being constant. The nonelectrolytes which he investi- 






gated had relatively low molecular weights. As the molecular weight and the 
colloidal nature of the substance increases, it is reasonable that such devia- 
tions would become more pronounced. Table IV gives the values k,\/ M 


for the dyes investigated. The constant k, was chosen beeause in this case 









diffusion was not masked by interfering factors. The symbol M represents 
the relative weight of the dye ion. 








Congo Red 8.19 
Orange I] yas 18.08 13.89 251.8 
Chrysoidine Y até 14.6 17.09 249, 
Metanil Yellow 352 18.76 


t 
bo mi 





10,99 











Congo Red 95.5 . 
Pontamine Blue BBE S40 28.98 6.72 194.8 
Mercurochrome 707 26.59 11.82 314.5 
Orange I] 327 18.08 19.43 279.0 
Metanil Yellow 302 18.76 15.68 294.1 
Chrvsoidine Y PAN is: 14.6 18.95 276.6 















‘om a study of the above table one is impressed by the rapid diffusion 








of mereurochrome. Its molecular weight should indicate slow diffusion and 
colloijal dispersion. Yet its value for k,\/ M shows that it is more closely 
relate! to the dyes which are considered to be molecularly dispersed. Teague 


and l'ixton!® have measured the dialysis of various dyes and find that eosin, 


Which has the same general structure as mereurochrome, can be dialyzed to 
appro.imately the same extent as chrysoidine although its molecular weight 
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is three times as large; congo red, with roughly the same molecular weight as 





eosin, cannot be dialyzed. These facts are in agreement with the results we 







have obtained. 







SUMMARY 





In a dye that is to be used as a stain the rate of diffusion through the tis- 
sue is important; in a dye that is depended upon as an antiseptic it is much 






more so. Obviously sterilization cannot extend beyond the zone of penetration. 






Diffusion of dyes in a gel closely duplicates diffusion in tissues. Measure- 





ments have been made on the diffusion of various dyes into a 5 per cent gel 
of 80 per cent ethylene glycol buffered at pI 5.5 and pli 7.65, using a photom- 
eter to determine the distance of penetration of definite concentrations of the 


dye. Differences in diffusion distances of a carefully purified sample and of a 








commercial sample were found to be negligible when the actual dye content 






of the two samples was the same. When diffusion was measured to a con- 






centration so small that to visual observation it appeared to be zero, the re- 














; : a* ' ; piety ce 
lationship k = ; was found to give constant values; when diffusion was 






n 


. : d ; 
measured to larger concentrations, constants were obtained for k = - with n 











representing some fractional value between 1 and 2. The value of n varied 


with the dye and with the concentration to which diffusion was progressing; 






for an individual dye it was usually larger when diffusion to a more dilute 





concentration was measured, Adsorption of the dye on the fibers of the gelatin 






is believed to account for the fractional values of n. The rapid diffusion of 






mercurochrome, in spite of its large molecular weight, is noteworthy. 
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SEASONAL VARIATIONS IN SOME PHYSIOLOGIC VARIABLES* 


M. A. WENGER, PH.D., YELLOW SPRINGS, OHIO 


HROUGHOUT the psychophysiologie study of the child subjects of the Fels 

Institute it has become increasingly evident that the season of measurement 
is an important factor influencing the results. It has been shown’ that, in 
general, physiologic responses for these subjects were more consistent over a 
twelve-month period from winter to winter than they were over a six-month 
period from winter to summer. 

It was thought at first that the variability of the summer data might be 
the result of the unstable temperature which prevails in summer in the area 
where the measurements were made. It was discovered, however, that al- 
though there tends to be some correlation between environmental temperature 
in summer and response for certain of the variables measured, some subjects 
were showing consistent variations which were opposite in direction to that 
shown in the above correlations. It was postulated that true seasonal varia- 
tions were demonstrated in our data. 

These seasonal variations were illustrated for one variable in an article 
reporting our method of measuring what has been termed ‘‘autonomie bal- 
ance,’’ i.e., a quantitative estimate of the functional state of the autonomic 
nervous system.'! 485) The autonomie scores for six children over a period of 18 
months were shown. Two eases represented those individuals who have higher 
Scores (indicative of parasympathetic predominance) in the winter than in the 
summer, A seeond group of four cases illustrated children who show higher 
scores in the summer than in the winter. Another set of six cases'' ” 4? indi- 
cated that other children may show no marked variation between the two seasons. 

Since that report, additional data have been collected during the summer 
of 1941 and the winter of 1942. The present paper presents an analysis of all 
the dita for those variables involved in the determination of autonomic bal- 
ance. Measurements of systolic and diastolic blood pressure have also been 
Studied. Specifically, we wish to know (a) whether there are significant group 


differences between summer and winter measurements for these physiologic 


—— 
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responses, and (b) whether individuals show consistent differences in direction 
of seasonal variation. 

No extensive reference is made to the literature related to these problems 
Earlier work on human subjeets has, in most instances, involved two few cases 
to answer the first question. The controversial results reported on a few cases 
for such variables as heart rate,?)* respiration rate,” and others,’ *° may bi 
construed as evidence that the second problem proposed above is deserving ot 
study. Certainly the studies of Peterson,’ Mills,° and Pottenger® attest to the 
importance of the weather as a factor in health and disease, and therefore in 
general physiologie function. 

The data reported herein have been collected in a routine manner by 
standardized procedures already described.’ During t! 
January, February, and March, all of the child subjects of the Institute who 


are six years of age or older come to the laboratories for a full day of measure 


e winter months ot 


ment and study. During the summer months of June, July, and August, they 
again visit the laboratories for periods varying from one day to two weeks. 
All physiologic measurements are conducted during the hours between 9 A.M. 
and 12 noon. All but two, salivary output and standing palmar skin conduet- 
ance, are measured in the resting state. Whenever possible, the recorded 
datum for an individual represents the mean of a series of samples during the 
examination period, which lasts about forty-five minutes. The temperature ot 
the measurement room is maintained at 74 to 76° F. during both summer and 
winter, and the relative humidity is maintained at approximately 40 per cent 
during the winter and 60 per cent during the summer. For the purposes of 
this paper this difference in relative humidity is regarded as being a component 


of the season of measurement. 








THE GROUP ANALYSIS 





Since the majority of the variables studied bear some relationship to age, 
it was necessary to eliminate this factor from the analysis. This was done b) 
the simple technique of comparing the means of the data for two (then three 
successive winters with the values for the intervening summer (then the mean 
of two successive summers). The midpoint for chronological age is thus iden- 
tical for the groups of data compared in each analysis. The first part of Table 


y 


I shows the means, standard deviations, reliability coefficients, and criteria to 


judging the significance of the differences between the means for the winters 
of 1940 and 1941 and the summer of 1940. The data are the results of ten 
physiologic measurements of fifty-one children ranging in age from 6 to 12 


vears. The second half of the table shows a similar analysis for twenty-!hree 


of those subjects for whom data were available for the summer of 1942. Ilere, 
since a smaller number of cases was involved, the standard error of the differ- 
ence has been based upon the standard deviation of the differences themselves 


as demonstrated by each subject.* 


*The formula for the standard error of the difference between means used in t 





first 


analysis is that illustrated by Peters and Van Voorhis' as No. 92. For the second analy set 
their formula No. 95. The correlations employed in the first analysis are those obtained for 
the winter and summer data of 1940. In the second analysis (23 cases) the 1942 winter data 
for diastolic blood pressure and palmar skin conductance were not included, becaus¢ rt of 
them were believed to be unreliable. Since one influenced the scores of pulse presst a 

\ ,pLes 


both affected the derived scores of autonomic balance, the 1942 winter data for these 
also were omitted from the analysis, Diastolic blood pressure, the only one of the 
variables significantly related to chronological age, was corrected for the resulting 24 
crepancy. 
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It will be seen that both analyses agree in placing the seasonal difference 
in systolic blood pressure at better than the .01 level of significance. The prob 
ability is almost as remote that the difference in palmar skin conductance could 
have occurred by chance; and the chances are high that the seasonal change in 
heart period also represents a true difference. Although the level of significanc 
for none of the other measures is as high in either analysis as .05, it is of inter 
est that both analyses agree in the direction of the differences. 

From these results the first question may be answered. The probability 
is great that during the summer, as compared with the winter, systolic blood 
pressure is lower, standing palmar skin conductance (palmar sweating) is 
lower, and the heart beats at a slower rate. There also is some indication that 
salivary output is greater, respiration rate is faster, and pulse pressure is lower. 
The chances are low that true differences obtain for diastolic blood pressure, 
volar skin conductance, dermographia persistence, or autonomic balance, al- 
though the differences found here for these four variables are in the same 
direction in both analyses. The small change in the estimates of autonomic 
balance is of particular interest, as will be made clear in the following discussion. 

For convenience in interpreting the results the 1940 regression equation” 
for the estimation of autonomic function is reproduced below. This equation 
is used because it is believed to be more representative of autonomie function 
than the 1941 equation, scores on which are greatly influenced by individual 


deviations in heart period. 








ov 


Nu 15z, 092 OSs BL 20Z. =d0r... 4+ 227.. 





In the equation, Nu signifies the estimate of autonomic balance for a given 
individual; z equals the individual’s standard score in the trait designated by 
the number in subscript; and x, following trait numbers 37 and 39, indicates 
that these traits have been reflected so that a high standard score is the equiva- 
lent of a low raw score. The names of the traits are the same as shown in 
Table I. A high seore derived bv means of this equation is considered indic- 
ative of funetional predominance of the parasympathetic branch. A homo- 
geneous shift in all functions toward the parasympathetic end of the scale 
would involve a lengthened persistence of red dermographia, an inereased 
salivary output, a slowed heart rate, decreased palmar and volar conductance 
or sweating, an increased respiration rate, and a heightened pulse pressure. 
With the exception of dermographia persistence and pulse pressure, this is the 
pattern of response for summer (shown in Table 1). Since these two variables 
are not heavily weighted in the equation, it might be expected that seasonal 
comparisons of these scores would reveal a significant difference between sun- 
mer and winter scores of autonomic balance, with the summer season effecting 
a shift toward the parasympathetie end of the seale. Such a shift might alse 
be predicted from the findings of Gellhorn and Feldman,* who report that |eat. 
although affecting both the vago-insulin and sympathetico-adrenal sys!ems, 
has its greatest effect upon the former. Table | shows, however, that m rell- 
able difference obtains. The next section of this report will deal further with 
this finding. 
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THE PROFILES FOR 25 INDIVIDUALS 


The individual data for the 23 children who had had five consecutive meas- 
urements were analyzed in the same general manner as were the group data 
for 51 cases. The scores for a given subject were combined in three ways, two 
combinations being the mean of two adjacent winters and the intervening sum- 
mer, and the third being the mean of the two summers and the intervening 
winter. If the summer score for a given variable was higher than the winter 
score for all three combinations, the child was scored plus (+) for that variable. 
If the winter score was higher than the summer score for all three combinations, 
the child was scored minus (—). If the combinations differed in direction of 
change, no symbol was assigned. Instances of ‘‘no change’’ were infrequent 
and, when occurring among otherwise consistent ehanges, were disregarded. 
The series of 23 profiles obtained in this manner are shown in Table II. It 
should be noted that four of the variables have been reflected to make their 
direction consistent with respect to autonomic activity. 

It will be seen that the cases are grouped in four categories. Since systolic 
blood pressure and palmar skin conductance had shown the most signifieant 
seasonal variation, it was argued that consistent variation in either of these 
variables in a direction opposite to that shown by the group might be con- 
sidered as of possible significance. As might be expected, the largest group, 
comprising nine cases, is that which shows during the summer measurements 
a lower systolic blood pressure and a lower palmar conduetanee. Group II 
contains the five subjects who manifest higher systolic blood pressure in sum- 
mer. Group IIT comprises four children who show higher palmar conductance 
in summer than in winter. Group IV ineludes five cases concerning which the 
criterion data are indecisive. The criterion data are underlined in Table IT. 

It is of interest to note that heart rate is slower in summer for Group I, 
faster in summer for Group IL, and inconsistent in change for Group IIT. Pulse 
pressure also shows a certain differential group consistency. In general, it 
appears to be decreased in summer in Group I and increased in Groups IT and 
Ill. Diastolic pressure tends to show the opposite picture. Although the re- 
sults are not decisive, dermographia persistence time seems shorter in summer 
for Groups IL and III, while volar skin conductance is lower in summer for 
Group I. The groups are not well differentiated for the variables salivary out- 
put or respiration period. 

The first seven variables of Table IL are those used in the estimation of 

tonomie balance.’? With the reflection of the skin conductance variables 
| 39, positive signs for all variables indicate a shift toward greater para- 


sympathetic function; conversely, negative signs indicate a shift toward fune- 


Hional predominance of the sympathetic system. While there is some sugges- 
tion | 


at Group I shows a majority of positive symbols, and Groups II and III, 
a Majority of negative signs, a more meaningful interpretation may be drawn 
he last row of the table showing the direction in shift of the derived 
autonomic scores, Here Groups II and III are seen to contain no positive signs. 
Grou) [ contains a majority of positive signs in the last row, and the data offer 
explanation for the three negative symbols, the eneircled symbols for 
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the heavily weighted variables of salivary output and heart rate. Perhaps 
these encircled symbols represent experimental artifacts or discrete functional 
differences apart from the total variance in autonomic function, 

In terms of this latter method of differentiation these subjeets might be 
reclassified into two groups. Six cases from Group | and two from the inde- 
terminate Group IV comprise those individuals who show a relatively greater 
parasympathetic function in summer than in winter (Group +). Groups II 
and IIIT and the remainder of the cases of Groups I and IV are those who mani- 
fest relatively greater sympathetic function in summer (Group —). Since the 
two groups are rather evenly divided, the explanation for the lack of a reliable 
total group seasonal variation becomes apparent. It is of further interest that 
the two groups differ significantly in mean winter autonomic score. The mean 
winter autonomie score for Group + is 69.4. The mean for Group — (omitting 
the one subject who shows no variation from summer to winter) is 77.5, or 
approximately one o higher. Since the o of the difference in means is only 
3.14, the obtained t of 2.58 may be considered as significant at approxi- 
mately the 0.04 level of probability, when only 7 degrees of freedom are al- 
lowed. Apparently the summer season tends to effect a shift toward greater 


those individuals havine low autonomie scores 


parasympathetie activity i 
apparent predominance of sympathetic function) in winter, and a shift toward 
greater sympathetic activity in those individuals demonstrating high autonomic 
scores (apparent predominance of parasympathetic function) in winter. The 
summer seasons seem, then, to have a levening effect upon autonomie function, 
and it seems pertinent to question whether summer might not afford more 
‘basal’? conditions for the determination of scores of autonomie balance. 
Seores obtained in winter might then be viewed as reflecting the reaction of 
the organism to a prolonged polar front. In most temperate latitudes, how- 
ever, Winter must remain the season of choice for such determinations, for the 
environmental temperatures during the summer months are not sufficiently 
stable to permit the collection of comparable data on a large group. 

It remains to be determined whether or not this differential seasonal vari- 
ation is significant in behavior and disease. The results certainly are con- 
sistent with the observations of Peterson,’ Mills,° and Pottenger.? Further- 
more, the different groupings of seasonal variations in different functions serve 
to re-emphasize a consideration that Peterson has stressed; namely, the neces- 
sity for considering individual differences in response to climatic changes in 


any study of physiologie function. 


SUMMARY 


Vhis study has concerned itself with two questions: (a) Are there signifi- 
cant vroup differences between summer and winter measurements of certain 
Physiologie responses. (b) Do individuals show consistent differences in direc- 
tion of seasonal variations. Two analyses of group data have been made; one 
involving data obtained during two consecutive winters and the intervening 
Summer for 51 children 6 to 12 years of age, and the other involving data 
obtained during an additional winter and summer for 23 of the same children. 
Individual profiles were shown for these 23 cases. 
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The two group analyses agree in finding systolic blood pressure and palmar 
skin conductance (palmar sweating) significantly lower during the summer 
measurements. The chances are high that heart period also is significantly 
longer in summer. Although none of the other differences found may be 
regarded as reliable, there is some indication that in summer as compared with 
winter, diastolic blood pressure and pulse pressure are lower, salivary output 
is greater, respiration is faster, dermographia persistence time is shorter, and 
volar conductance or sweating is decreased. 

The analysis of individual profiles shows that the seasons consistently have 
different effects on different individuals for each of the variables studied. It 
is believed that individuals may be meaningfully classified in at least two 
groups in terms of scores of autonomic balance: those who manifest relativels 
greater parasympathetic function in summer than in winter, and those who dem- 
onstrate relatively greater svmpathetic function in summer than in winter. 
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CLINICAL CHEMISTRY 


THE EFFECT OF CONTINUED SULFANILAMIDE INGESTION ON THE 
ACID-BASE EQUILIBRIUM OF THE DOG* 


ALFRED H. FREE, PH.D., DoNALD E. BowMAn, PuH.D., AND DEAN F.. Davies, M.S. 
CLEVELAND, OHIO 


A NUMBER of studies have been made of the effect of sulfanilamide on the 
acid-base equilibrium of man and animals.*"!" Some of these studies have 
heen carried out in patients in whom complicating effects were present. Others 
have either employed quantities of sulfonamide outside the range that is con- 
sidered therapeutically effective or have been confined to observations following 
single doses of the drug. The general results of these studies have indicated that 
in some patients and animals evidence of acidosis is present following sulfanila- 
mide ingestion. As a result of the effeets that arise from sulfanilamide, the use 
of alkali with the compound has been suggested and has been rather widely used. 

The present report describes studies conducted with normal dogs which 
were given sulfanilamide either alone or accompanied by sodium citrate. The 
purposes of these studies were: (1) to observe the changes in the acid-base 
equilibrium of the blood following the ingestion of quantities of sulfanilamide 
sufficient to maintain therapeutic levels in the blood; (2) to determine the 
changes in the acid-base equilibrium of the blood produced by combinations of 


sodium citrate and sulfanilamide; (3) to ascertain whether the restriction of 
dietary salt intake would influence the effeets of sulfanilamide with or without 
alkali; (4) to observe the effect on the acid-base equilibrium of the blood when 


the concentrations of sulfanilamide are maintained above therapeutie levels over 
a period of several days; (5) to determine the effect of single massive doses of 
sulfanilamide; (6) to examine the changes in urine pH during the maintenance 
ot high levels of blood sulfanilamide. 


METHODS 


\dult female dogs were employed in all of the studies and were maintained 
on a diet of Purina dog chow except during the studies with the low salt diet. 
This low salt diet was similar to that employed by Nilson,’ consisting of cracker 
meal, cane sugar, easein, butterfat, and lard, and having a very low content of 
soditiin, potassium, and chlorine. Blood samples were obtained from the jugular 
Veins vith a minimum of stasis, and urine samples were obtained by eatheteriza- 
om the Department of Biochemistry, School of Medicine, Western Reserve University, 
an esented before the Federation of American Societies for Experimental Biology,’ at 
Chica April, 1941. 
ceived for publication, Dec. 23, 1942. 


1109 








1110 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


tion. Methods of handling the blood as well as the references to the chemiea! 
methods employed are reported elsewhere.'” Hemoglobin determinations wer 


earried out on whole blood by the method of Kvelyn,'? while red and white ce! 


counts were made by conventional hematologic techniques. 


CHANGES OBSERVED IN THE ACID-BASE BALANCE OF THE BI.OOD 


Animals Receiving a Normal Dict.—In this series of experiments the dogs 
were given sulfanilamide alone, sulfanilamide and sodium citrate, or sodium 
citrate alone while ingesting a normal diet. Three dogs were included in each 
group and, by shifting the animals, the same three dogs acted as subjects in each 
group. Approximately ten to twelve days elapsed between the end of on 
experiment and the beginning of the next. The routine used in these experi 
ments was as follows: A fasting blood sample was obtained at 8:30 a.m. on the 
first day of the experiment, and this was subjected to a ‘‘complete analysis” 
which ineluded determinations of serum pH, carbon dioxide content, chloride, 
inorganie phosphorus, protein, and total base and whole blood determinations 
of hemoglobin, sulfanilamide, and red and white cell counts. A sample of 
urine, obtained by catheterization, was also taken at this time and its pH dete: 
mined. At 9:00 a.m. each dog received by stomach tube the indicated com 
pound or mixture in an aqueous solution of approximately 500 ¢.¢. The initial 
dose was twice as large as all the succeeding doses. For this reason the intake 
of the compounds in question is 33 per cent higher on the first day than on all 
the following days. A second dose of the drug was administered at 1:00 P.M. 
and a third dose, at 5:00 pw. The total daily dose (on all except the first day 
of sulfanilamide was 0.20 Gm. per kilogram of body weight, and the dose of 
sodium citrate was 1.0 Gm. per kilogram. Each single dose represented one third 
of the daily dose. An afternoon sample of blood was taken at 4:00 P.M. and 
submitted to ‘‘partial analysis,’’ consisting of determinations of serum pl, 
carbon dioxode content, chloride, and blood sulfanilamide. An afternoon (4:00 
P.M.) urine specimen was obtained by catheterization and the pH determined. 
On the succeeding days of the experiment the same schedule was followed and 
a ‘‘partial analysis’’ was made on the morning and afternoon blood. Cell counts 
and hemoglobin estimations were done each morning, and morning and _ after: 
noon urine samples were obtained by catheterization for pH{ estimations. On 
the morning of the day that the drug was discontinued a sample of blood 
‘‘ecomplete analysis’> was again obtained. 

The results of this experiment are presented in the first four eolumn 
Table I. By the nature of the experiment, the morning analysis represents 1! 
blood level at a time fifteen hours after the preceding dose of drug, whereas th 
afternoon analysis represents the blood level three hours after the prece 
dose. During the experiment no trend of change from day to day was 
cernible, and consequently only the average values for the morning and a 
noon samples during the experimental period are recorded. From the 


presented in Table I it will be seen that considerable fluctuation in blood s' 


fanilamide level occurred between the morning and afternoon samples as 
to be expected. On the other hand, the level of blood sulfanilamide was 
proximately the same after sulfanilamide and sodium eitrate as after sult 
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mide alone. It will be seen that the serum pH was not appreciably altered from 
the control level by sulfanilamide, by sulfanilamide and sodium citrate, or by 
sodium citrate alone, and, furthermore, there were essentially no differences in 
the morning and afternoon samples. The serum chloride was maintained at 
approximately control levels in all of the present experiments. Serum biecar- 
honate was slightly deereased after sulfanilamide alone, but in the afternoon 
samples, three hours after the administration of sulfanilamide and sodium 
citrate or sodium citrate alone, the serum bicarbonate was increased. The hemo- 
globin content of the blood was not signifieantly altered in any of the experi- 
ments, the slight variations encountered probably being explained by the loss 
of the blood removed for the chemical analyses. The erythroeyte and leuco- 
evte counts of the blood were not appreciably changed. No significant changes 
in total base, protein, phosphate, or undetermined acid were noted between the 
beginning and end of the experiment. 

Animals Receiving a Low Salt Dict—In this series of experiments, dogs 
were maintained on a synthetie diet quite low in chloride and total base and 
were given the same combinations of sulfanilamide and sodium citrate that were 
emploved in the preceding experiments. The low salt diet was given for one 
week before the start of the study and was continued during the interval of eight 
days between experiments. Each of the three dogs under observation was 
shifted so that each served in each group. The routine followed in these experi- 
ments was exactly the same as that used in the above studies on the normal salt 
diet with the exception that no blood or urine was taken on the third and fifth 
days, although the administration of the drugs was the same on these days. The 
results of this experiment are indicated in the last four columns of Table I. 
It will be seen that, in general, the results of this experiment are similar to those 
obtained when the animals received a diet with a normal salt content. However, 
throughout the experiment there was a tendeney to slightly greater changes in 
pH and bicarbonate as a result of the ingestion of sodium citrate either alone 
or with sulfanilamide. 

Animals Receiving Sulfanilamide at Four-Hour Intervals—In order to 
ascertain the effeets of blood coneentrations maintained somewhat above the 
therapeutic levels, and also in order to decrease fluctuations of blood sulfanila- 
mide concentrations, sulfanilamide was administered six times per day at four- 
hour intervals. The drue was given at 9:00 am., 1:00 p.m., 5:00 p.m... 9:00 Pom.. 
1:00 a.m., and 5:00 a.m. in amounts of 0.05 Gm. per kilogram of body weight 
per dose. Blood samples were obtained twice each day at 8:00 a.m and 4:00 
PM. Urine samples were obtained at four-hour intervals (see below). Three 
dogs were studied in this way, the sulfanilamide being given for four, six, and 
seve: days te the three animals. The analyses included blood sulfanilamide 
and scrum pH, bicarbonate, and chloride determinations. The results of these 
Studies are summarized in Table II. Dogs 1 and 3 did not exhibit any adverse 


elects from this experiment, whereas Dog 2, after the first day of the experi- 


ment, completely refused all food and vomited considerably during the period 
of sulianilamide ingestion. It will be noted that the blood sulfanilamide eon- 
centraiion in this dog reached higher levels than in the other two dogs and a 
progressive inerease occurred during the latter part of the experiment. At the 
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same time the serum chloride in this animal fell from an average control value 
of 110.3 meq. per liter to a minimum of 83.0 meq. the last day of the experi- 
ment. At this time the total base concentration of the serum showed a deficit 
of the same magnitude as the chloride decrease. However, even though this 
animal was severely dehydrated, there were no significant changes in the serum 
pH or the serum bicarbonate concentration. It will be seen that some decrease 
in serum pH occurred in all three dogs, although the decrease was not progres- 
sive. Dog 3 showed a somewhat greater lowering of serum pH than the other 
two dogs and had a minimum value of 7.32 in one of the samples. The serum 
bicarbonate content showed some fall in all three animals, although the change 
was not marked in any. 
TABLE I] 


3L00D STUDIES IN Docs RECEIVING SULFANILAMIDE AT FouR-HoUR INTERVALS 


DOG J DOG 
Average blood sulfanilamide (mg. per 100° c.c.) 304 
Maximum blood sulfanilamide (mg. per 100. ¢.c.) 
Control serum pH 
Average experimental*® serum pH 
Minimum experimental* serum pH 
Control serum chloride (meq. per L.) 
Average experimental* serum chloride (meq. per L.) 
Minimum experimental* serum chloride (meq. per L.) 
Control serum bicarbonate (meq. per L.) 
Average experimental serum bicarbonate (meq. per L.) 
Minimum experimental serum bicarbonate (meq. per L.) 


*During sulfanilamide administration. 


Animals Receiving a Single Large Dose of Sulfanilamide.—In order to 
ascertain the effect of large quantities of sulfanilamide on the acid-base equi- 
librium, dogs were given a single large dose of 1.0 Gm. of sulfanilamide per 
kilogram of body weight. The sulfanilamide was mixed with approximately 
900 ¢.c. of warm water and was given as an aqueous suspension. With this quan- 
tity of sulfanilamide, marked dyspnea developed in all three animals, accom- 
panied by elonie convulsions, spasticity, extreme salivation, and loss of most 
reflexes. A control blood sample was obtained along with samples at one, three, 
six, twelve, twenty-four, and forty-eight hours after the administration of the 
drug. Chemical analyses of the blood included those determinations recorded 
in Table III. It will be observed that a maximum concentration of blood sul- 
fanilamide was obtained in the three-hour sample, although the concentration 
in the six-hour sample was quite similar. The values presented in Table ITI 


Indicate that there were no marked changes in the acid-base equilibrium of the 
blood. although all of the animals showed marked dysfunction of the central 


nervous system. Hemoglobin and serum protein concentrations showed eleva- 
tions that were a maximum at six hours, which would indicate that there was 
a loss of water from the blood. 


CHANGES OBSERVED IN THE URINE PH 


li, both the experiments with a normal diet and with the low salt diet, it 
Was tu\ind that the pH of urine samples obtained by catheterization were acid in 
the m rning and alkaline in the afternoon. It has been suggested that sul- 
fanilaniide has some specific effect in preventing bicarbonate reabsorption in the 
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kidney tubules and that this is the basis for the disturbance in the acid-bas 


equilibrium which follows the ingestion of sulfanilamide. In the experiments 





with the normal diet and the low salt diet, the blood level of sulfanilamide was 






at the low point when the urine was acid and was considerably higher when th: 





urine was alkaline. The urine pl was studied more closely in the animals 





receiving sulfanilamide at four-hour intervals. The routine followed in. thesi 





experiments has been deseribed above, and it is to be noted that urine samples 





were obtained by catheterization at four-hour intervals during the day and 





night. The urine was collected just prior to sulfanilamide administration. Wit 






two or three exceptions, the dogs did not urimate between the four-hour eat! 





eterizations, so the entire urine output was collected in this manner. The maxi 






mum and minimum values of urine pl for the three animals for each of thi 






days that they were receiving sulfanilamide are given in Table IV. It will be 







observed that a considerable range of urinary pil was encountered during the 













TABLE III 












BLoop STUDIES FOLLOWING A SINGLE LARGE DOSE* OF SULFANILAMIDE 


AVERAGE RESULTS OBTAINED WITIL THREE Dogs 













CON 


TROI 
















Blood sulfanilamide (me. pel Lol D7.S 67.0 62.0 SPP 1S.7 

Serum pl 7.09 7.58 inae Pe S| 7.06 7.06 Tot 
Serum total base (meq. per L.) 160.2 79 160.2 164.1 165.7 155.8 

Serum chloride (meq. per L.) 110.8 107.7 108.7 110.0 108.5 109.7 108.6 
Serum bicarbonate 22.8 21.4 19.6 0.2 19.1 19.4 90.4 
B Pr,t (meq. per L.) 14.1 14.8 15.3 16.8 16.5 LD, 

B PO}, (meq. per L.) 1.1 1.3 3.8 3.2 5.6 11 
Undetermined acid (meq. pel La S.4 9.7 12.8 13.9 16.0 7.4 
Hemoglobin (Gm. per 100 ¢.e. 12.3 12.8 Ur Be 16.0 lee. 12.0 

Urine pH 7.4 7.4 7.8 7.9 7.6 7.0 7 





*1.0 Gm. of sulfanilamide per kilogram of body weight. 





jBase combined with protein. 
tBase combined with phosphate. 










TABLE IV 





























VARIATION IN URINE PH IN Docs RECEIVING SULFANILAMIDI 
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sume day in all of the dogs. With but two exceptions, the maximum pH was on 
the alkaline side of neutrality while the minimum pH was on the acid side of 
neutrality. The two exceptions mentioned occurred in Does 1 and 3 on the 
first experimental day. Dog 1 on this day had a maximum pll of 8.4 and a 
minimum pl of 7.0, whereas Dog 3 had a maximum pIf of 7.0 and a minimum 
pll of 5.5. The only instanee in which the fluetuation in pI was less than 1.0 
oecurred in Dog 2 on the fifth experimental day, when the maximum pl value 


was 7.4 and the minimum value was 6.9. 
DISCUSSION 


The present studies indieate that, with continued sulfanilamide administra- 
tion and the maintenance of therapeutic levels of sulfanilamide in the blood, 
there are no great changes in the acid-base equilibrium. The small decrease in 
serum bicarbonate that occurs can be prevented hv the administration of sodium 
citrate alone with the sulfanilamide. Hematologic studies in the dogs receiving 
either sulfanilamide alone or sulfanilamide plus sodium citrate indicate that 
there was) no anemia or leucopenia in any of the animals. 

Hartmann® has suggested that respiratory alkalosis develops following sul- 
fanilamide therapy and that administration of alkali is undesirable since it 
would tend to accentuate the alkalosis. Hartmann furthermore suggested that 
chloride deprivation would result in even more marked changes when alkali 
was given with the sulfanilamide. The present findings in the dogs main- 
tained on a low salt diet do not show any indication that ingestion of sul- 
fanilamide or sulfanilamide and alkali during salt deprivation causes alkalosis, 
although the urinary exeretion of chloride and total base was essentially zero 
during sulfanilamide administration. 

In the experiments in which animals were given sulfanilamide every four 
hours, there is further evidence to indicate that sulfanilamide does not cause 
severe disturbance in the acid-base equilibrium, although in these experiments 
the average blood level was considerably above that usually sought in clinical 
practice. In one of the animals (Dog 2) in whieh a marked dehydration de- 
veloped as a result of vomiting, the serum chloride and serum total base con- 
centrations fell by approximately 30 meq. ver liter; however, the serum biear- 


bonate and serum pH were not markedly changed. In this experiment the 


collection of four-hour urine samples indicated that even though relatively high 
and constant blood sulfanilamide levels are maintained, the urine pH will still 
Show considerable fluetuation. Marshall, Cutting, and Emerson® suggested that 
the excretion of an alkaline urine after sulfanilamide is due to the effect of sul- 
fanilamide in preventing a reabsorption of biearbonate in the kidney tubules. 
Met esny, Sprague, and Marshall® also believed this to be the cease. On the 
oth 
by 

that 
invo 
not 


hand, Hober'™ has suggested that sulfanilamide causes an alkaline urine 
son of its inactivating effeet on carbonic anhydrase. From the results 

summarized in Table IV, it would appear that other factors are also 
din regulating urine pH and that the secretion of an alkaline urine will 
tinue even though the blood sulfanilamide is maintained at a high and 
constant level. The acid-base equilibrium of the blood did not suggest any basis 
for t!. variation in urinary pH. 
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Marshall, Cutting, and Emerson* reported acid-base studies in three dogs 


that were given large doses of sulfanilamide. The findines suggested acidosis 






in some of the samples, although the results were not uniform. The dogs re- 






ported in Marshall’s study showed marked signs of intoxication, as did those 






deseribed in the present report which were given a single large dose of sul- 






fanilamide. However, careful study of multiple blood samples in all three of 





the animals of the present study did not disclose any evidence of marked 







acidosis, although the serum bicarbonate was somewhat decreased. The marked 


dysfunction of the gastrointestinal traet and respiratory system that occurs 





following large doses of sulfanilamide e@ives a basis for disturbances in the aeid 






base equilibrium of the blood, although in the present experiments no marked 





disturbances were observed. 





All of the present experiments offer evidence that the administration of 


sodium citrate along with sulfanilamide has no contraindieations and may fur- 





thermore be desirable from the standpoint of preventing the decrease in serum 





bicarbonate that follows sulfanilamide ingestion. 








SUMMARY 






1. Studies of the aeid-base balanee of the blood were earried out on does 






during continued ingestion of sulfanilamide in amounts sufficient to maintain 


therapeutic blood concentrations. Small decreases in serum bicarbonate were 





observed, but there was no appreciable alteration in the serum pl. 






2. Administration of sodium citrate along with the sulfanilamide prevented 





any decrease in serum bicarbonate and did not cause the pH to vary appreciably 





from the normal. 





3. Ingestion of a low salt diet before and during a period when sulfanila- 





mide or sulfanilamide and sodium citrate was ingested did not give results 






significantly different than were obtained during ingestion of a normal diet. 





















4+. Maintenanee of blood sulfanilamide concentrations at levels above those ( 
sought therapeutically did not produee any marked e¢hanges in the aeid-hase 
equilibrium of the blood. 
»). Single massive doses of sulfanilamide, sufficient to produce signs of ; 
severe intoxication, did not cause marked changes in the acid-base equilibrium : 
of the blood but did tend to cause a loss of water trom the blood. 
> om . . . . ‘ ; 4] 0 
6. The pH of urine samples obtained at four-hour intervals during the 
maintenance of high blood sulfanilamide levels showed marked daily fluetuations ; 
. ° ° ° ° 2 { 
which could not be correlated with certain views expressed in the literature. 
a 
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PROTEIN HYDROLYSATE IN THE REGENERATION OF SERUM 
PROTEIN IN THE HYPOPROTEINEMIC RAT* 


Davip B. SaBIne, B.S., AND Hans R. Scuipt, M.S., Yonkers, N. Y. 


KCENTLY there have appeared reports on the regeneration of various 
proteins in variously depleted animals. Some of these studies have had the 


aim of comparing high protein diets with equivalent amounts of protein hy- 
drolysates' or of determining the relative efficiency of oral and intravenous ad- 


ministration.’ The results of these investigations have shown, first, that 
hydrolysates are at least as efficient as whole protein; e.g., in the regeneration 
of plasma protein in dogs rendered hypoproteinemie by restricted diet,’ and, 
second, that hydrolysates are as effective intravenously as orally.‘ 

In the normal clinical treatment of hypoproteinemic patients (e.g., post- 
operative care, after more or less severe depletion) it is now not uncommon 
(for examples see ret. 4) to supplement a regular hospital diet with some pro- 
tein hydrolysate, possibly an enzymatic digest administered orally (more rarely, 
and with attendant danger of shock,* parenterally) or an acid hydrolysate 
(fortified, perhaps, with tryptophane and eystine) injected intravenously.  <Ae- 
cord ngly, experiments were undertaken in this laboratory to determine whether 
a normal diet supplemented by an enzymatic protein hydrolysate would 
be sinerior to an unsupplemented diet in the regeneration of serum protein in 
hypoproteinemie albino rats. 


Or hot 


N.Y “rom the Biochemical Research Laboratories, The Arlington Chemical Company, Yonkers, 


‘eceived for publication, January 15, 1948. 
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Two sets of litter mates were used in the experiments. The first group, 
all males, weaned four weeks after the litter was cast, was kept on a diet of 
Purina Checkers until almost five months old; the second group, two males and 






four females (segregated as to sex after weaning), were similarly treated until 






almost four months old. 
At this point both litters were put on Diet 6A (Table 1). This diet, de 






signed to deplete protein reserves, was fed ad libitum. Litter | was kept on this 
diet for 39 days; Litter II for 26 days. The animals at this time were dis 







tinetly hypoproteinemie and had lost much weight (ef. Table 11). Each litter 





was then divided into two groups. One group received Regeneration Dict | 
(powdered Purina Checkers, total nitrogen 4.29 per cent), and the other, Regen 
eration Diet IL (powdered Checkers (90 per cent) te which was added 5.5 pei 








cent of a protein hydrolysate preparation® and 4.5 per cent cornstarch, total 





nitrogen 4.27 per cent). This latter mixture contained 10 per cent of its nitro 






ven in the form of the protein hydrolysate preparation. 
On the protein regeneration diets serum protein levels were followed at 







approximately two-week intervals for Litter | during seven months, for Litter II 





during 4.5 months. The animals were weighed twice each week. 










TABLE 










DEPLETION DIE' 





PROTEIN 





salt ) 






Butter 








Lard 4.48% 
Yeast 0.28¢ 
1% Cod-liver Oil 2.24% 
Osborne-Mendel Salt Mixture 148% 
Cornstarch 67.25% 






Sucrose 







TABLE II 










SERUM PROTEIN VALUES 


WEIGH! 





AND 







LITTER |! LITTER IIT 






GROUP A GROUP B GROUP A GROUP 









L. = s& ce ee La 7 SS | & 

a) - - - ns = 

< = rm Z = ZZ < = ms iz, = 

- > GE | Es. aB —~ |eoa 8B] Es 

= _s a = = ey = = a 

=o > & < == Se > oO > & eo 

= a Ge rw <a A, = - ~a ~ 
Predepletion period 149 54 6.08 240 6.52 11S 177 6.00 18] ( 
End of depletion period| 188 166 4.99 162 £.90 144 113 5.43 117 a) 
: aad 203 19? §.49 199 5.79 167 163. «5.86 | 171 6. 

217 203 = «4.61 230 385.87 182 177 5.82 | 187 6 
Regeneration period 246 202 5.235 231 6.76 217 207 6.04 211 O.45 

218 952 6.14 268 6.33 273 209 6.42 221 i 

10] 307 6.21 si 6.48 317 210 6.44 222 6.89 _ 








*Litter I—Group A, 2 males 
Group B, 3 males 

+Litter II, Each group, one male and two females 
Groups A were on Regeneration Diet I 
Groups B on Regeneration Diet II. 

*The protein hydrolysate preparation used was Aminoids, a product containing 14 pee 
cent of an enzymatic digest of dried powdered beef (15.6 per cent), wheat gluten (41 el 
cent), dried skim milk (41.6 per cent), and dried brewer’s bottom yeast (1.2 per cent). 













SABINE AND SCHMIDT: PROTEIN HYDROLYSATE IN HYPOPROTEINEMIA LEY 


Serum protein was determined by the falling drop method, using a Kagan 
proteimometer,”? on serum obtained from tail slices. All determinations were 
made in dupheate. In Table IL are presented some of the data accumulated 
during these experiments. F°ull tabulations are omitted to conserve space. 

The total consumption of Regeneration Diets | and IL was measured, and the 
average food intake per rat was caleulated from these figures. These data appear 
in Table ILI. 

TABLE III 


ToTAL AVERAGE DAILY Foop CONSUMPTION PER RAT DURING REGENERATION PERIOD 


GROUP A GROUP B 
14.35 Gm. 14.42 Gm. 
0.615 Gm. N) (0.66 Gm. N) 


12.88 Gm. 13.12 Gm. 
0.552 Gm. N 0.5560 Gm. N 


RESULTS AND DISCUSSION 


In the case of Litter | where an average weight loss of 33.5 per cent and 
an average decrease of 20.4 per cent in blood serum protein concentration were 
recorded during the protein depletion period, the animals on Regeneration Diet | 
without added hydrolysate) required a significantly longer time (128 days as 
opposed to 100 days) to recover the weight lost. With reeard to the regenera- 
tion of serum protein, no attempt was made to estimate the amount of new 
serum protein formed, since blood volume studies were not undertaken. Using 
as an index the per cent of protein in the blood serum, it will be seen that this 
value rose at a significantly higher rate during the first 58 days, at least, for 
the animals on Regeneration Diet IL (containing added hydrolysate). 

The animals of Litter I] showed slightly more severe weight loss (35.7 per 
cent) and slightly less decrease in per cent of protein in blood serum (17.5 per 
cent) at the end of the depletion period. Here, however, the weight recovery on 
both diets took place much more quickly (88 and 35 days on Regeneration 
Diets IT and II, respectively). The only explanation whieh ean be put forth 
trom the data at hand seems to be that although the percentage decrease in blood 
ser protein content was almost as high as in Litter I, the actual value at- 
tained at the end of the depletion period was significantly higher, which suggests 
that these animals having been less hypoproteinemic were, consequently, in bet- 
ter general health. Also the animals in Litier I] were about one month younger 
than those in Litter I and may still have been in the period of normal growth. 
Consideration of these factors makes even more striking the fact that the per- 
centave of protein in the blood serum increased more rapidly on Regeneration 
Diet 11 than on Diet I. 

specially significant is the response recorded in the blood serum protein 
levels during the first intervals in each experiment. In Litter I the increases 
on Dicts Land IL were respectively 10 per cent and 18.1 per cent during the first 
15 days; the corresponding values in Litter IL were 7.9 per cent and 15.9 per 
cent in the first 23 days. 


When one considers that a prompt response to diet therapy is the prime 


desideratum in the treatment of hypoprotememia, the value of adding hy- 
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drolyzed protein to an otherwise normal diet is rendered impressive by this 
result. It has already been shown by other workers that hydrolyzed protein 
alone seems not to have any special advantage over unhydrolyzed protein as the 
dietary source of nitrogen in the regeneration of blood serum protein.' It is 
evident from these experiments that the combination of both is singularly et 
fective and can be utilized effectively in what Davis and Getzoff® term post 
hepatic and prehepatie hypoproteimemia of certain types. 

When these results are considered in the light of the data in Table IIT, it 
hecomes noteworthy that the increases in blood serum protein’ levels were 
achieved in both litters without significant increases in the total intake of nitro 
gen; Le., the effects observed were obtained by a substitution of hydrolyzed 


protein for intaet protein, not by addition to an otherwise adequate diet. 


SUMMARY 
1. Rats rendered hypoproteinemie by diet restriction were observed to 
recover from the protein depleted state by oral administration of a normal 
diet, and of a similar diet in which hydrolyzed protein was substituted for 10 
per cent of the intact protein. 
2. With practically equivalent total consumption on both diets, regenera- 


tion, as measured by increase in the blood serum protein level, was practically 


twice as rapid on the fortified diet during the first two to three weeks of the re 


generation period. 


The authors are indebted to R. A. Harte for assistance in the preparation of this manu- 
script. 
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LABORATORY METHODS 








GENERAL 


IMPROVED METHOD OF TRANSPORTATION OF MATERIAL FROM 
GONOCOCCAL INFECTIONS* 


» 


LENORE R. Peizer, B.A., AND Gustav L. STEFFEN, Pu.D., New Yorn Crry 


, ew USE of gonococcus cultures has been considerably hindered by the lack 
of simple methods of transportation of gonococeal pus specimens to the lab- 
oratory. The method most used at present is to immerse a cotton swab con- 
taining the pus into broth or some other liquid medium in a carrying tube and 
to send it to the laboratory within six hours from the time the material was 
taken from the patient. When the culture material is in transit a longer time, 
negative eulture results are unreliable. 

Comparatively few investigators (Sehofield,) Lumiere and Chevrotier,? 
Hauptman and Philadelphy, Wortman, Gronau, Deakin, and Love,* Conn®) have 
studied the effect of time, temperature, and medium on the viability of gonococei 
in gonorrheal specimens. In the present study an attempt has been made to 
determine the influence of time and temperature on the survival of gonoecocei 
in specimens received on swabs immersed in broth, and to obtain data for the 
introduction of an improved transportation medium. 

Material from known positive male and female cases of gonorrhea was 
used. The specimens reached the laboratory fifteen to thirty minutes after 
being taken. In the laboratory each swab was immediately streaked on plasma 
hemoglobin agar® and returned to the broth in the carrvinge tube. Two series 
of determinations were made; one series of 171 specimens in which the material 
was kept in broth at room temperature (22° ©), and another of 162 specimens 
in which the specimens were kept at refrigerator temperature (6° C.).  Follow- 
ing the inoculation of the immediate or control culture each specimen was plated 
on the same kind of medium every two hours for ten hours and again at twenty 
hours. The plates were incubated at 387° C. in an atmosphere of 8 to 10 per 
cent CO, for forty hours immediately after inoculation. 

Table IT shows the results obtained from examination of the two-hourly 
series of plates inoculated with known gonococeal material kept in broth at 
room temperatures (22° ©.) and at refrigerator temperature (6° C.). The 
readings are separated into 4 plus (4+), 3 plus (8+), 2 plus (2:), 1 plus (1+), 
and plus-minus (+) aecording to the numbers of colonies found on the first set 
of stroaked plates, which were the control plates of each series. In Table T, 3 


plus end 1 plus readings were omitted since the results were similar to those 


rom Bureau of Laboratories, Department of Health, New York City. 
Ii ceived for publication, July 30, 1942. 
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TABLE I] 


GONOCOCCUS COLONIES IN 66 FOUR PLUS SPECIMENS KEPT IN BROTH AT ROOM 
rEMPERATURE AND CULTURED AT 2 HOUR INTERVALS 


OVE! 
NO 


P00 CO] 3 : 
109-200 50-100 Ae 1-25 GROW? 


ONIES = COLONIES 
COLONIES | COLONIES I S| COLONIES PLATH 
AND OVER 
Incubated immediately LOG 
After . 
Aftei 
After 
After : 
After ‘ | / 
After 2 : { ( 19g 2: 20 L0G LOG 
GONOCOCCUS COLONIES IN 36 TWO PLUS SPECIMENS KEPT IN BROTH AT ROOM 
TEMPERATURE AND CULTURED AT 2 HOUR INTERVALS 


i 


Zz (CC OVER 


50-100 : D me _— GROWN 
YLONTES 
COLONIES ONIES | ¢ i PLATI 
Incubated immediately L0G 
After ‘ ir. , Ss 
After li. HOG 
After 6 hr. IS% j 
\fter liv. 12% , : 4 Cf 
Afte: lr. 12% ) en o// } a 
After 20 hr. O% ( e/ H4% Loy 
NI KF GONOCOCCUS COLONIES IN 27 PI MINUS SPECIMENS KEPT IN BROTID AT ROOM 
rEMPERATURE AND t 2 HOUR INTERVALS 
1-23 = GROWN 
COLONIES 
COLONTES PLAT 
Incubated immediately LOG 
After 2 hr. lug, 
After VG, 
After i 
After lir. 
After 10 In 
After 20 hr. 
NUMBER OF GONOCOCCUS COLONIES IN 50 FOUR PLUS SPECIMENS KEPT IN BROTH AT REFRIGEI 
TEMPERATURE AND CULTURED AT 2 HOUR INTERVALS 
j 


» 
LO0-POr 50-100 95 50 {Eres NO 


COLONIES COLONIES 


COLONTES COLONTES | COLONTES COLONIES 


AND OVER 
Inceubated immediately hoag 
After 2 hr. L00G% 
After 4 hr. 
After 6 hr. 
After 8 hr. 
After 10 hr. ’ ' 
After 20 hr. IG i% Te ( vtG 24% 
NUMBER OF GONOCOCCUS COLONIES IN. Of VO PLUS SPECIMENS KEPT IN BROTH AT 
TEMPERATURE AND ULTURED AT 2 HOUR INTERVALS 
» ) (+ . OVER 
50-100 95-50 1-25 = GROWN 


- COLONTI 
COLONIES | COLONIES | COLONIES PLATI 


Incubated immediate ly LOOG 
After 2 hr. 100% 
After $ hr. WIG 
After 6 hr. : 
After 8 hr. 
After 10 hr. 
After 20 hr. 
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TABLE I—COonT’pD 
NUMBER OF GONOCOCCUS COLONIES IN 22 PLUS-MINUS SPECIMENS KEPT IN BROTH AT REFRIGERATOR 


TEMPERATURE AND CULTURED AT 2 HOUR INTERVALS 


i= OVER 
- NO 
1-29 GROWN 
COLONIES 
COLONIES PLATI 


ted immediately LOOG% 
Z hr. LOY 


t he. 82 


6 hr. 1o% 
8 hr. 12% 
10 her. 12g RRO 


20 hr. OY LON% 


obtained from 4 plus and plus-minus cultures respectively. In considering the 
results of Table T it is essential to take into account the probable error in 
percentages due to the mechanical factors involved in streaking a number of 
plates with one swab. 

Out of a total of 171 positive specimens kept in broth at reom temperature 
for twenty hours, 95, or 52 per cent, failed to show gonococci on culture. Of 
the 162 refrigerator specimens, 82, or 50 per cent, failed to show gonococei on 
culture, 

The tests just deseribed indicate that there is a diminution in the number 
of gonococe! in storage of the specimen in broth, and that the diminution is in 
ratio to the leneth of time in storage. When specimens are kept in broth at 
room temperature, the culture frequently becomes overgrown with contaminating 


bacteria which prevent the isolation of the gonoeocei. Therefore when broth is 


portation to a maximum of four hours, particularly in doubtful cases. 

In a subsequent study, in which plasma hemoglobin agar plates instead ot 
broth were used for transportation, the following method was adhered to: A 
set of three plates was used for each known positive case. The plates wer 
inoculated in the clinie and sent to the laboratory without delay. One plate 
rom each specimen was incubated immediately at 37° C. for forty hours, in an 
atmosphere of 8 to 10 per cent CO,. The second plate was kept at room tem- 
perature (22° ©.) for twenty to twenty-four hours, and the third plate was 
placed in the refrigerator (6° C.) for twenty hours. At the end of twenty to 
twenty-four hours the room and refrigerator plates were incubated in the same 
manner as the immediate plate. The results obtained from the immediate and 
delaved cultures are shown in Fig. 1. 

By transporting material on plasma hemoglobin agar, the loss of positives 
at room temperature after twenty to twenty-four hours was reduced from 52 
per cent loss in broth to 11 per cent on agar, and at refrigerator temperature, 
tron: 50 per cent loss in broth to 14 per cent on agar. 


\Ithough transportation on solid medium is an improvement over the broth 


method, the loss of 11 to 14 per cent of positives in twenty to twenty-four hours 


Is too great. Various substances were therefore incorporated in the medium in 
an aliempt to find one which would effect better survival of the gonococei during 
transportation. When eysteine monohydrochloride, which had been used by 
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Cohn?’ in liquid media, was added to plasma hemoglobin agar to a concentration 
of 0.05 to 0.03 per cent, the gonococe: in the specimen on these plates remained 
alive in practically every instanee, when stored at room temperature for twenty 
to twenty-four hours before incubation. 

In the preparation of the evsteine medium, a sterile 10 per cent aqueous 
solution of cysteine monohydrochloride is added to the melted proteose peptone 
agar after it has been cooled to 55° C., and before phosphate, plasma, and hemo 
globin are added. This precaution is taken to avoid the formation of a precipitate 


Cysteine monohydrochloride is added to a concentration of 0.03 per cent. Trig. 2 
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Fig. 1.—One hundred thirteen known positive strains from males streaked on horst 
plasma hemoglobin proteose peptone agar and left at room and refrigerator temperature 
24 hours before incubation. 


Eleven strains lost at room temperature at end of 24 hours; 15 strains lost at refrigera‘o! 
temperature at end of 24 hours. 
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Fig. 2.—Ninety-two known positive strains from males streaked on 0.03 per cent Cc) 
monohydrochloride horse plasma hemoglobin agar and left at room and refrigerator te! 
ture for 24 hours before incubation, 

Bight strains lost at refrigerator temperature in 24 hours; none lost at room tempe! 
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shows the results on 92 known positive specimens from males, streaked on 0.03 
per cent evsteine agar plates, and kept at room or refrigerator temperature for 
twenty to twenty-four hours. In this series no positives were lost at room tem- 
perature, and 8.7 per cent were lost at refrigerator temperature. 

During this experiment l-evstine was also tested (Higginbotham’). This 
vhemical inhibited the growth of gonococe: when O.1 per cent, 0.05 per cent, or 
0.025 per cent was added to plasma hemoglobin agar. When 0.1 per cent was 


added to plasma hemoglobin agar containing veal or beef infusion as a base, it 


produced a luxuriant growth of gonococei. It seems that leystine requires a meat 


infusion base in order to stimulate good erowth of gonoeocei. Beeause a meat 
infusion base is required and because the chemical dissolves only in the auto- 
clave, l-eystine was not tested in transportation media. 

The eysteine plasma hemoglobin agar was then tested as a transportation 
medium for general routine cultures. Kaeh of 1,250 specimens were streaked 
directly on three plates, two of which contained plasma hemoglobin agar, and 
one, plasma hemoglobin agar with 0.03 per cent evsteine monohydrochtloride. 
The plates without evsteine were incubated immediately as controls. The 
cysteine plate was kept at room temperature for twenty to twenty-four hours 
and then ineubated in the usual manner, There were 240 positive cases, of which 
six control cultures were negative when the corresponding eysteine plates were 
positive, and five cysteine cultures negative when the corresponding control 
plates were positive. There was a drop in the number of colonies on cysteine 
plates in about 25 per cent of the positive cultures. This drop in number of 
colonies varies and is not in proportion to the number of colonies on the control 
plates. Almost all of the plus-minus cultures remained positive. The exposure 
of the streaked plates to out of doors winter temperatures for two to three hours 


did not affect the culture results. 
SUMMARY 


1. The streaking of gonoeoeeal pus directly on to enriched solid medium 
containing 0.05 to 0.08 per cent of eyvsteine monohydrochloride saves 100 per 
cent of the positives when at room temperature up to ten hours, and about 98 
per cent when left at room temperature from twenty to twenty-four hours. 

2. In specimens kept in broth at 22° C. for six hours 10 per cent of positives 
are lost, and for ten hours 26 per cent of positives are lost. On plasma hemo. 
globin agar none are lost up to ten hours. When specimens are kept twenty 
hours at 22° C., 52 per cent of positives are lost in broth, 11 per cent on plasma 
hemoglobin agar, and only about 2 per cent on plasma hemoglobin agar with 
eysteine, 

3. Transportation on solid medium is safer at 22° C. than at 6° C. Some 
cultures (8.7 per cent) are destroyed at refrigerator temperature when exposed 
to it longer than ten hours. 
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CONCENTRATION Of ANTETOXIN 
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MUGENI 
\X JEN antitoxin ages, the antibody which it contains loses titer; this i all 
probability is a result of protein transformations which cannot be stopped. 


When a large decrease 1 
weak for therapeutic use. Rather than diseard this valuable material, it is di 


antibody content occurs, thie material becomes 100 


sirable to increase its potency again by reducing its volume. The amount o 
total nitrogen possible per unit volume, however, is fixed by law, and therefore 
this reduction in bulk must be accompanied by a corresponding elimination o| 
immunologically inert protein. 

The salting-out method utilizing sueh salts as sodium and ammonium 
sulphate, first developed by Gibson,' and then improved upon by a host of oth- 
ers, is the most common method used today for purifyine and increasing the 
titer of antitoxie plasma. Experience has shown that when this procedure is 
again employed in an attempt to repurify deteriorated antitoxin preparations, 
the losses sustained in active material are large and the increase in potency is 
small. In view of the faet that the ecuglobulin, albumin, and fibrinogen frae- 
tions had been eliminated by the first purification of the antiserum, then, in the 
scope of this method, there is no more immunologically inert protein to be 
eliminated by repurification. Consequently an increase of antibody pseudo- 
globulin per unit volume is impossible. 

An electrical process is described here which treats the antibody protein 
molecular aggregates in such a manner as to allow a further purification with a 
subsequent increase in antitoxin value per milligram of nitrogen. Furthermore, 
the color-carrying protein, which had been oxidized and reduced to colors vary- 
ing from light brown to red, is to a great extent eliminated with the inert frac- 
tion, leaving the reprocessed material lighter in color. 

The degree of increase in potency per unit of nitrogen has ranged with this 


process from 15 to 80 per cent. The variation is caused by the condition of the 
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different lots reprocessed. Those which were old and whose protein content had 
heeome more stable did not allow as good a reconcentration as more recent ma- 
terial where protein transformations were more readily induced. The losses in 
antitoxin sustained by this process vary from less than 5 to more than 20 per 
cent depending again upon the condition of the material and upon the degree of 
reconcentration which one tries to attain. 

The data in Table I give the variations in losses and in poteney inerease 


with six different lots of diphtheria antitoxin, 
TABLE ] 


ORIGINAL POTENCY FINAL POTENCY IN 
IN GUINEA PIG GUINEA PIG UNITS 


% LOSS IN G% POTENCY 
PREPARATION UNITS AT 20% TO AT 20% ‘ : 


TOTAL UNITAGI INCREASI 
PAL SOLIDS rOTAL SOLIDS 


30.4 MG. N/GM. 20.4 MG. N/@M.) 


3,540 


The apparatus and procedure of the method are described here in detail! 
because it has been found that even small variations in size of tubes, cellophane, 
amount of water added to the units, pIf values, ete., make a decided difference 


in the quality of the final product, 


APPARATUS NO. 4 

The metal tubes are five inches long, one inch in diameter, and one thirty- 
second of an ineh thick. They are made in the form of long, watertight thimbles. 
Zine has been found to be the most efficient metal to use, because, for one reason, 
its ionization does not cause the serum to undergo rapid oxidation-reducing re- 
actions accompanied by color formation. 

The tubes are filled with tap water and the platinum electrodes are inserted 
as shown in lig, 1. 

There are two semipermeable membranes made of water-softened cellophane 
(Dupont, No. 600) and each contains three tube electrodes. Thus, there are 
three anode tubes in one membrane and three cathode tubes in the other, 

The membranes are filled with tap water equal to the volume of antitoxin 
to he processed. The tube electrodes are immersed therein. For the support 
of these different units, the author has arranged a flat piece of glass with suit- 
able holes to fit over the container, so that a metal freme firmly attached to each 
cellophane bag ean be screwed onto it. Other holes allow the tube electrodes to 
be iiumersed in the fluid of each membrane. 

The current used has been 120 volts direct current with the circuit as shown 

1. The current from a battery in conjunction with suitable resistance 


Can ve used instead, if desired. Three variable resistances are used instead of a 


large equivalent one for purposes of convenience only. 
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From 30 to 150 milliamperes are passed through the antiserum with an 
electromotive force of from 30 to 120 volts. This current, when used with this 
apparatus, has been found to cause no antibody destruction, 
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PROCEDURE 


All hydrogen ion values referred to in the following deseription have }een 
determined by the color comparator method. Gamma dinitrophenol and para 
and meta nitrophenol indicators with appropriate dise standards were sed. 
This method has been checked with the potentiometric method and it has yeen 


found to be sufficiently accurate. It has been employed in this work because It 


lends itself more readily to the running of many determinations in a short (ime. 
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The antitoxin material to be processed is adjusted to a hydrogen ion value 
of pHT 5.1 with normal acid acetic. It is dialyzed against running water until 
all the salts possible have been eliminated and the hydrogen ion value has in- 
ereased to between pL 5.9 and pl 6.5. It is then diluted with distilled water 
fo a nitrogen content of between 8 and 12 me. of nitrogen per gram of material. 
The hydrogen ion value is again adjusted to pH. 5.1 as above. 


Thus prepared, the material is poured into the glass container of the ap- 


paratus, the membrane units are immersed therein, and the eleetric current is 
turned on. 

When a preparation which permits visibility through it is being processed, 
one can immediately see stringlike oozing and settling of colloidal material all 
around and under the cathode membrane unit. 

The material should be stirred from time to time manually unless a slow 
mechanical stirrer is used. 

The hydrogen ion concentration must be cheeked often. It will be noted 
that as the process continues, more and more protein matter precipitates in the 
region of the eathode unit, accompanied by a slow but constant rise in pH value. 
When pf 5.9 has been attained in the mixture, the process is stopped. 

It has been determined by many tests for antitoxin that the protein 
precipitated up to this point is mostly euglobulin. This fraction of protein is 
one of the immunologically inert globulin components which is precipitated be- 
tween O and 30 per cent saturation with ammonium sulphate and whose existence 
has been further proved by the analysis of serum’ with the Tiselius electro- 
phoretie apparatus*° and the ultracentrifugal sedimentation method of Sved- 
here.’ It contains no antitoxin except for a little which has been adsorbed by 
the precipitating proteins. This precipitate is separated from the mother liquor 
by filtration or centrifuging, and the precipitate is washed free of the adsorbed 
antitoxin by mixing it well with distilled water. The solid is sedimented or 
filtered again and is discarded. The washings are pooled with the filtrate or 
supernatant of the first separation. 

In this manner the antitoxin has been repurified of an immunologically 
inert fraction of protein whieh, for the most part, would not have been present 
in the scope of the salting-out procedure. 

The immunologically useful protein, namely, the pseudoglobulin, which re- 
mains in the clear purified material, can now be brought to a desired smaller 
volume by employing the following technique : 

Normal sodium hydroxide is added slowly and with constant stirring to 
the purified colloidal solution. As the hydrogen ion concentration is reduced, 
more and more of the protein content precipitates out as in isoelectrie precipita- 
tion. Finally at pH 7.0 to pH 7.4 all of the useful protein should be in the solid 
state. The precipitate is collected by filtration and the filtrate is discarded. 

Normal acid acetie* is added slowly to the solid, with constant mixing, until 
the precipitate is in the colloidal state. The pH value of the resulting solution 
will be between pH 5.6 and pH 5.8. Solid sodium ehloride to 1 per cent is added 
and the material is dialyzed against running water until only a trace of chloride 


An alkali has the same effect; however it has been found that antitoxin antibody is 
more tolerant to acidity than to alkalinity. 
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ion remains. One per cent solid sodium chloride and a suitable preservative 
are added after dialysis. The hydrogen ion value is set at pil 7.2 and the ma- 


terial is now ready for sterilization and standardization. 
DISCUSSION 


If according to Kruyt,? colloidal particles of the emulsoid type possess two 
factors which tend to make them stable with respect to precipitation, namely 
charge and hydration, and that either of these is enough to prevent aggregation 
of particles and flocculation of the colloid, then the apparatus as used. satisfies 
both of these conditions and causes selective precipitation of the protein content 
of immune serum. 

To develop the present equipment Apparatus 1 was first employed. Ma 
terial processed with it showed oily, colloidal oozing and settling around and 
under the anode or cathode units dependine on the direction of electrophoresis 
caused by the pl value of the antiserum. 

When the process is begun with this apparatus at a neutral pH value, the 


material at the anode unit Is followed by the formation of a zone of 


settling of 
clear fluid at the top of the serum in this region. The pH value of this clear 
fluid is acid and presently a hazy, ill-defined precipitate of pseudoglobulin sepa 
rates out and slowly settles to the bottom layer. The clear zone then loses 
definition and assumes the pH value and the color of the bulk. There is no 
definite lasting precipitate, however, and the reaction of the serum during the 
process slowly becomes acid. This apparatus, therefore, although it causes 
protein transformations, is not enough of itself to cause aggregation of molecu- 
lar particles and flocculation. 

To add the necessary factor the metal jackets were added to the units, and 
their slow ionization completes the mechanism of the desired reaction, When 
antiserum at a neutral pIl value is processed with this apparatus, the proteins 
precipitate in a thick coat on the outside surface of the anode membrane unit. 
When the process is begun with the serum at pIL 5.1, however, the desired 
selective precipitation is obtained. 

The hydrogen ion value of the fluids in the anode and cathode membramn 
units at the end of the process show the former to be between pH 6.2 and pIl 6.5 
while that of the latter is above pll 8.4. It has been found that an alkaline 
compound of the metal is formed in these units. The alkalinity produced in 
the anode unit, however, is transmitted to the serum as fast as it is formed by 
electrophoretic action. The result is a gradual rise in the pil value of the serum 
while that of the unit fluid itself remains constant The cathode unit does not 
transmit any ion to the serum and therefore the reaction of this fluid becomes 
alkaline. 

To demonstrate these points an alkali was added to the fluid of the anode 
unit, with or without metal jackets, and the pH value of the serum rose immedi- 


ately. The reverse was true when an acid was added. When either acid or 


alkali were added to the fluid of the cathode unit no change in the pH value of 
the serum occurred. 
That the anode metal jacket is the real functional one was shown. by 


processing some material with a platinum electrode in the eathode unit and 
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regular metal jacket in the anode unit. The serum underwent selective preeipt- 
tation as usual, but the degree of reconcentration was not as good as when the 
complete apparatus was used. No selective precipitation occurred when the 
metal jacket was put in the cathode unit and the platinum electrode im_ the 
anode. 


The anode tube is gradually used up during the process by the slow ioniza- 


tion of the metal while the outside surface of the cathode tube shows a black 


region, Which is caused by a deposition of metal ion from: the system as in 
electroplating. 
The apparatus also causes some electrodialysis of the serum to occur mak- 


ing possible protein precipitation with very small quantities of metal ion. 


SUMMARY 
An electrical process is deseribed whieh makes possible the repurification of 
deteriorated antitoxin material. 
The apparatus js planned in a manner that allows purification and final 
reduction of volume by isoclect rie precipitation of the proteins, thus eliminating 
the use of saturated salts. 


The procedure is simple and it can be adapted to large-scale werk. 
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A STUDY OF MEDIA FOR TYPHOLTD BLOOD CULTURES* 
Thomas (, Gruss, Pu.D., Baurimore, Mbp. 


INTRODUCTION 


Hii isolation and identification of Lberthella typhosa trom the blood, feces, 
| i urine of a patient has long been recognized as the most valuable labora 
tory aid in the diagnosis of typhoid fever. While extensive experimentation has 
yielded a number of very productive types of media for the isolation of F 
fyphosa Trom the feces and urine, relatively little choice of media is available 
for the isolation of this organism from the patient's blood. The glycerol-bile 
peptone medium devised by Conradi! in 1906 is probably the most frequent] 
used medium for typhoid blood cultures, particularly clot cultures, at the pres 
ent time. It is commonly believed, as stated by Coleman,? that the bile in this 
medium dissolves the blood clot, but in the writer’s experience little if any dis 
solution of the clot oeeurs during the usual ineubation period of seven to ten 
days at 87° ©. The popular belief in this property of bile is probably based upon 
the misinterpretation of Conradi’s original statement that the bile prevents thi 
formation of a clot when whole blood is inoculated into the medium. 

The routine use of elot cultures for the diagnosis ef typhoid fever has be- 
come a common practice in publie health laboratories during recent Vvears, since 
both an agglutination test and a blood culture can be performed on the same 
specimen. While this practice is usually satisfactory, there is apparently an 
unavoidable tendeney for many of the clots to become contaminated either in 
the taking of the blood or during transportation to the laboratory. The writer 
is aware of public health laboratories where as high as 50 per cent of the clots 
have been contaminated, especially during the warm months, despite meticulous 
aseptic technique after the specimens reached the laboratory. Since the ma- 
jority of contaminating organisms from elot cultures in Conradi’s medium are 
staphylococei, it would appear desirable to add some substance to the medium 
which would suppress the growth of staphylococei without inhibiting the 
multiplication of the typhoid bacillus, if present. Recently Hager and Grubb 
reported that p-bromocinnamie acid would exhibit such a selective inhibitory 
action against staphylococci without affecting the growth of EF. typhosa. Since 
this preliminary study suggested the utility of p-bromocinnamie acid for typhoid 
clot culture media, an extensive investigation was made to determine the prac- 
ticability of adding this acid to Conradi’s medium. The present report siim- 
marizes the results of this study. In addition, a comparative study Was made 
with media containing sodium desoxycholate to determine whether or not ‘his 


agent, suggested by Sellers* for blood eultures, Was more or less effective an 


p-bromocinnamie acid in selectively inhibiting the growth of staphylococci. 


*From the Department of Bacteriology, University of Maryland, School of Pharma 
The writer is indebted to Miss Shirley M. Glickman for assictence in this work. 
teceived for publication, August 5, 1942. 
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EXPERIMENTAL 


Preliminary experiments indicated that the selective inhibitory action of 
p-bromocinnamice acid for staphylococci was dependent upon the concentration 
of the acid and the pH of Conradi’s medium to which it had been added. It 
was found that the lower the pH of the medium, the less the amount of p-bromo- 
cinnamie acid required to suppress the growth of staphylococci. Likewise, il 
sufficient) p-bromocinnamice acid were added at a low enough pH, a point was 
reached where the growth of the typhoid bacillus as well as that of the staphylo 
coeeL Was completely inhibited. It was therefore obvious that the proper balance 
of pH and concentration of p-bromocinnamie acid must be found whieh would 
inhibit the growth of staphylocoece: without affecting the growth of FE. typhosa. 
After several trials it was found that if Conradi’s medium was adjusted to 
pll 5.0 with p-bromocinnamie acid in a concentration of 1:5000, the medium 
would exhibit the desired selectivity. Table I indieates the results obtained 
with this combination containing 10 per cent of defibrinated rabbit's blood. 
reshly isolated strains of FE. typhosa*® and Staphylococcus albus were inoculated 
into the medium and plate counts in nutrient agar made immediately after in- 
oculation and after twenty-four hours’ ineubetion at 387° C. 

It is evident from the data shown in Table I that there is a definite bae- 
tericidal action on both strains of staphylococci, while the multiplication of the 
typhoid bacillus was apparently unaffected. It is to be noted that an extremely 
large inoculum was used in the above experiment. 


TABLE ] 


SELECTIVE BACTERICIDAL ACTION OF P-BROMOCINNAMIC Acip (1:5000) IN CoNRADI’S MeEpIUM 
(PH 5.0) CONTAINING 10 PER CENT BLOOD 


TOTAL PLATE COUNT PER C.C, OF MEDIUM 


ORGANISM : 
IMMEDIATELY AFTER 24 HOURS” INCUBATION 


INOCULATION cD Sr °C: 
. typhosa No. 1 940,000 51,000,000 
‘. typhosa No. 2 £00,000 34,000,000 
. albus No. 1 21.000 10) 
S. albus No. 2 100,000 25, 000 


Control Medium Without P.Bromocinnamice Acid 


1. typhosa No. 1 | 1,060,000 20,000,000 
1. typhosa No, 2 920,000 22 OO0.600 
. albus No. 1 570,000 6,000,000 
S. albus No. 2 860,000 64,000,000 


In order to determine the effect of various concentrations of blood upon the 
inhibitory action of p-bromocinnamie acid, defibrinated rabbit's blood was added 
to Conradi’s medium in amounts varying from 1 to 380 per cent. When the 
concentration of blood exceeded 15 per cent, there was a definite reduction in 
the inhibitory activity of p-bromocinnamie acid, which became more pronounced 
in the higher concentrations of blood. It is difficult to estimate how much blood 
or scrum is liberated in the usual clot culture, but for the purposes of experi- 


Freshly isolated strains of HE. typhosa from blood cultures were obtained through the 
af sy of Dr, GC. A, Perry, Director, Bureau of Bacteriology, Maryland State Department of 
eal 
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mentation a concentration of 10 per cent has been selected as representing 2 
average amount and has been emploved throughout the experiments reported 
here. 

While a concentration of 1:5000 p-bromocinnamie acid apparently had no in 
hibitory effeet upon the growth of EF. typhosa when a very large inoculum was 
used (400,000 to 940,000 per ¢.c. as shown in Table T), 1t was deemed advisable 
to determine the effeet of this concentration upon a small inoculum. The num 
ber of organisms whieh should be used as an inoculum to simulate the number 
found in the blood stream of a typhoid patient is probably very small. Mille 
and Groff? made plate counts from blood cultures of 256 typhoid cases and found 
that 82.2 per cent of the cultures contained between 1 and 50 organisms per ¢.c. 
of blood. Plate counts made on the blood of 48 patients in the University ol 
Marvland Hospital showed between 1 and 68 typhoid bacilli per ¢.e. of blood; 
however, when a number of hours intervenes between the taking of the blood and 
the laboratory examination, such as occurs when specimens are sent through 
the mail to public health laboratories, it is diffieult to predict what degree of 
multiplication will take place. For experimental purposes, inocula containing 
from 10 to 20 organisms were emploved, and this small number of typhoid 
bacilli was markedly inhibited in Conradi’s medium adjusted to pHf 5.2. and 
containing 1:5000 p-bromocinnamie aeid. 

Since Sellers? had reported the use of desoxveholate broth for the culture 
of clots from suspected cases of typhoid fever, it was considered of interest to 
determine how this medium compared with the p-bromocinnamie acid medium 
deseribed above. The formula for this medium, kindly supplied by Harris,” is 
as follows: peptone, 1 per cent; NaJIPO,, 0.55 per cent; sodium desoxy- 
cholate, O.1 per eent. The hydrogen-ion concentration of the medium is ad- 
justed to pH 7.0 to 7.2 before autoclaving at 15 pounds’ pressure for fifteen min- 
utes. Small mocula (10 to 25 organisms) of two recently isolated strains of 
staphylococci and EF. typhosa were inoculated into the p-bromocinnamie acid and 
the desoxycholate media, and incubated 24 hours at 87° C. when plate counts in 
nutrient agar were made. The results of this experiment, which was repeated 
several times, are given in Table IT. 

It is evident from the data in Table Il that while p-hbromocinnamie acid is 
bactericidal for staphylococci, it is also markedly inhibitory for typhoid bacilli 
when a small inoculum is emploved. On the other hand, the desoxycholate broth 
completely suppressed the growth of staphylococci while allowing considerable 
erowth of EF. typhosa. These data indicate clearly that scdium desoxyeholate is a 
much more effective substance than p-bromocinnamic acid for the selectiv: 
hibitory action on staphyvloecocei in typhoid blood cultures. 

To determine what effeet variations in the pH of the medium and 
centration of sodium desoxycholate would have upon the selective inhibitory 
action of the desoxycholate broth, various portions were prepared containing 
from 0.05 per cent to 0.3 per cent sodium desoxveholate with the hydrogeti-ion 
concentration of the broth ranging from pH 6.0 to 8.0. These portions, con- 
taining 10 per cent defibrinated rabbit’s blood, were inoculated with ap) rox- 


imately 10 staphylococci or typhoid bacilli per 5 ¢.¢. of medium and ineulted 
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twenty-four hours at 387° C. Each portion was then plated in nutrient agar 
to determine the total number of organisms present. The results of this ex- 


periment are shown in Table ITT. 


TABLE II 
COMPARISON OF THE BACTERICIDAL ACTION OF P-BROMOCINNAMIC ACID IN CONRADI’S MEDIUM 


With THAT OF DESOXYCHOLATE BROTH 


rOTAL PLATE COUNT PER ¢.C. OF MEDIUM AFTER 24 HOURS’ 
ee INCUBATION AT 37° C. 
MEDIUM 
ORGANISM ORGANISM 


~p bromocinnamiec acid S. albus No. 1 . tuphosa No. 1 iO 
(15000 S. albus No. 2 I tyuphosa No. 2 1,070 


Sodium desoxycholate S. albus No. 1 ‘. typhosa No. 1 500,000 
(1:1000) SN. albus No. 2 ce tyuphosa No. 2. 700,000 


TABLE ITT 
EFFECT OF VARIOUS CONCENTRATIONS OF SoptuM DESOXYCHOLATE AND PH OF THE MEDIUM ON 


THE GROWTH OF EL. Typhosa and S, Albus IN DESOXYCILOLATE BroTH 


rOTAL PLATE COUNT PER ©.C. OF MEDIUM AFTER 24 HOURS’ 
' INCUBATION AT 37° C. 
ORGANISM pi 
0.05%* 0.1% 0.2% O3% 
S. albus 6.0 0 0 0 0 
No. 1 7.0 () () 0 0 
S.0 0) 0 0 0 
I. typhosa 6.0 P? 100,000 $8,000,000 25,000,000 28 000,000 
No. 1 7.0 30,000,000 69,000,000 35,000 000 71,000,000 
&.0) 11,000,000 24,400,000 71,000,000 34,000,000 


Concentration of sodium desoxycholate. 


The data in Table IIT show the complete inhibition ef growth of 
staphylococei while FE. typhosa grew luxuriantly. Nutrient broth control tubes 
(pll 7.0) containing 10 per cent blood inoculated at the same time and ineu- 
bated in a similar manner contained 153,000,000 staphylococci and 130,000,000 
typhoid bacilli per ¢.e. of the culture. Thus while the sodium desoxyeholate in 
the concentrations employed in this experiment has some inhibitory action on 
E. typhosa, it is probably insignificant so far as the practical usefulness of the 
medium is concerned. While the number of typhoid bacilli developing in the 
various concentrations of sodium desoxyeholate at different pH values varied 
from 11,000,000 to 71,000,000 per e.c., there is no apparent relationship between 
the two variables and the number of organisms developing. It is believed that 
for practical purposes the desoxycholate broth will exhibit adequate selective 
inhibitory action in any of the combinations of pH and in the concentration of 
sodiiim desoxycholate shown in Table ITI. The fact that neither the coneentra- 
tion of the sodium desoxycholate nor the pI of the medium requires critical 
adjustment increases the practical usefulness of the medium, 

Since it was found that the inhibitory action of p-bromocinnamie acid on 
Stapiivloecocei was nullified to a considerable extent by concentrations of blood 
exceeding 15 per cent, it was considered of practical importance to determine 
Wheter or not blood had a similar effect in the desoxycholate medium. Defibrin- 


ated rabbit’s blood in coneentrations ranging from 1 to 30 per cent was added 
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to desoxycholate broth containing 0.1 per cent sodium desoxyeholate and ad 
justed to pH 7.0.) Small inocula (100 to 200 organisms) of FE. typhosa and SN. 
albus were inoculated into the broth containing various amounts of blood and 
incubated at 37° C. for twenty-four hours when plate counts in nutrient agar 
were made. Even in the media containing 30 per cent blood there was no re 
duction in the inhibitory action of sodium desoxycholate on staphylococci, while 
in the media containing only 1 per cent blood, there was no inhibitory action on 
the growth of typhoid bacilli. This experiment indicates that variations in the 
concentration of blood, within the probable limits found under practical con 
ditions, do not affeet the selective inhibitory action of sodium desoxycholate in 
the medium described. 

While sodium desoxycholate was shown to display an effective bactericidal 
action on staphylococci in previously described experiments where small mocula 
were used, it appeared advisable to determine the inhibitory action of this sub- 
stance against a large inoculum, since considerable multiplication of contaminat 
ing staphylococci may oeeur when the blood specimen is sent through the mail 
to the diagnostic laboratory. In order to study this problem, 0.1) per cent 
desoxycholate broth adjusted to pH 7.0 and containing 10 per cent blood was 
prepared. Varying numbers of staphylococci were inoculated into tubes con- 
taining 5 ¢.c. of the medium and incubated twenty-four hours at 87° C. when 
plate counts were made to determine the number of surviving organisms. The 


results of this experiment are shown in Table IV. 


TABLE IV 
AcTION OF DESOXYCHOLATE Broru Upon VARIOUS NUMBERS OF Staphylococcus albus 


NUMBER OF ORGANISMS INOCULATED NUMBER OF ORGANISMS VIABLE AFTER 


) 


INTO 9 C.C. OF MEDIA 24 HOURS’ INCUBATION AT 37° Cc. 
12,800,000 £000 
1,280,000 3,050 
128,000 $50 
12.800 50 
1.280 0 
128 0 


This experiment demonstrated that sodium desoxyeholate has a very et- 
fective bactericidal action against large numbers of staphylococci; and even 
though some of these organisms do survive over a 24-hour period, the numbet 
of surviving organisms is insignificant compared to the number of typhoid 
bacilli which grow during this period under the same conditions (see Table I] 

DISCUSSION 

The experiments deseribed in this report indicate that while p-bromo- 
cinnamie acid shows a selective inhibitory action against staphylococci when 
the concentration of the acid and the pH of the medium are properly adjusted, 
this selective activity probably cannot be utilized in a medium for the culture 
of blood clots because small numbers of typhoid bacilli are inhibited. On the 
other hand, a simple broth containing from 0.05 to 0.3 per cent sodium de soxy- 


cholate and adjusted to pH 6.0 to 8.0, shows a remarkably clear-cut bactericidal 
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action against staphylococci without a signifieant degree of inhibition for the 
typhoid bacillus. This selective activity is manifest despite wide variations in 
the amount of blood present and despite an enormous inoculum of staphylococe. 
These experiments suggest that a desoxycholate broth, similar to that deseribed, 
should prove very helpful to laboratories where difficulty is experienced in avoid- 
ing or eliminating contamination of blood clot cultures with staphylococci. 


SUMMARY 


1. A study was made of the utility of p-bromocinnamie acid incorporated 


in Conradi’s medium for the purpose of inhibiting the growth of contaminating 


staphylococei. Although p-bromocinnamie acid showed a selective inhibitory 


action against staphylococci, it also inhibited small numbers of typhoid bacilli 
and therefore was not considered of practical value for the culture of blood 
clots from suspected cases of typhoid fever. 

2. A simple broth containing sodium desoxycholate displayed an. effective 
inhibitory action against staphylococci without an appreciable bacteriostatic 
effect upon the typhoid bacillus. The broth does not require critical adjust- 
ment of pH or concentration of sodium desoxycholate, and is effective in various 


concentrations of blood against large numbers of staphyvlocoeei. 
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MICROSCOPIC OBSERVATION OF COLLODION PARTICLES AS 
INDICATORS OF TYPE-SPECIFIC PNEUMOCOCCIC: IMMUNE 
REACTIONS 


MartTIN BURGER, M.Sc. 
New York, N. Y. 


HE object of this study was to detect the presence of minute amounts of 
pheumococeal soluble-specific substances (S.S.8.) in vitro. A sensitive micro 
scopic technique was developed which was compared with a slightly modified 


method of Goodner’s! 


and with the ordinary precipitation tests. 

In 1932 Freund? demonstrated that anthrax soluble carbohydrate hapten 
was adsorbed by collodion particles; for on adding anthrax-immune serum to 
the hapten-sensitized particles, agglutination resulted. The agglutination was 
observed best in a hanging-drop preparation, but the titers of the reagents 
were not reported. 

Experimental. Collodion particles were prepared according to the method 
of Cannon and Marshall® except that double-distilled rather than triple-distilled 
water was used, as recommended by Eisler... The particles obtained from 75 
ml. of 5 per cent acetone stock solution, after aspirating, washing, and centri- 
fuging, were suspended in 100 ml. of double-distilled water and used without 
further diluting. 

Into agglutination tubes was added 0.02 ml. of collodion suspension followed 
by 0.1 ml, of S.S.S. dilution. The latter was made up in physiologic saline. 
After thorough mixing, the tubes were allowed to stand for from five to ten 
minutes at room temperature, then 0.1 ml. of antiserum added. The contents 
were mixed again, capped with rubber stoppers, and placed in the refrigerator 
overnight. With each test, a serum control (0.02 ml. collodion suspension plus 
0.1 ml. antiserum) and an S.S.S. control (0.02 ml. collodion suspension plus 
0.1 ml. S.S.S. dilution) were made. Another set of tubes containing the same 
amounts of reagents were simultaneously made up for the so-called **collodion- 
fixation test’? of Goodner.’ A third set without collodion particles constituted 
the ordinary precipitation test. 

Microscopie Technique. A dr pot the collodion plus antigen (S.S.S.) plus 
antiserum suspension is placed on a plain glass slide. Next to it is placed a 
drop of the serum plus collodion control and next to this, a drop of the antigen 
plus collodion control. Each drop is covered with a coverglass and examined 
under the oil immersion lens. It is desirable to flip each tube gently about ten 
times just before withdrawing the drop of suspension. In the mounts con- 
taining the higher concentrations of S.S.S., one sees definite amorphous masses 
containing enmeshed collodion particles. These are designated 4 plus and 53) plus 
in Table I. A 2 plus reading signifies the presence of relatively large ¢)\:mps 
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of collodion particles without a trace of the amorphous precipitate. A plus 
reading means that the majority of the fields examined contain more clumps 
(small in size) and fewer single particles as compared with the controls. With 


one exception, all the serum and antigen controls thus far examined contained 


some small collodion clumps and many single particles; that is, the dispersion 


was good. The exception, a concentrated horse serum plus collodion control, 
contained large clumps of particles and was similar to a 2 plus reading. 


The results of a typical comparative test are shown in Table I. 


TABLE | 


TITRATION OF S.S.S. IIT AGAINST A RABBIT TyPE III ANTIPNEUMOCOCCUS SERUM (UNDI 
LUTED): COMPARATIVE TESTS 


DILUTION i MICROSCOPIC MACROSCOPLE PRECIPITATIVE 
: é rEST WITHOUT 
S.S.S.11I : READING READING : 
COLLODION 
10 \ ‘ 5) 
10-6 n M4 
10 
10-6 
10-7 
10-! 
Serum control 
S.S.S. controls f 10 
10 
*Disc. 


fCoarse particles, not easily broken up on vigorous flipping. 


SUMMARY 


A microscopic method of observing collodion particle agglutination is de- 
scribed. In higher dilutions of pneumocoeccus S.S.S., the method gives positive 
results, while negative results are obtained by macroscopic examination either 
of the same tests or of ordinary precipitation tests. 
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CHEMICAL 


A METHOD AND APPARATUS FOR SHELL FREEZING AND RAPID 
DRYING OF PLASMA AND OTHER PRODUCTS FROM THE FROZEN 
STATE BY LOW TEMPERATURE WATER VAPOR 
CONDENSATION IN VACUO* 


Max M. Srrumia, M.D... ann Joun J. McGraw, M.D... Bry~ Mawr, Px. 


INTRODUCTION 


UMAN plasma transfusion is now generally accepted as an important 

therapeutic agent in the treatment of shock, associated with trauma, hem- 
orrhage, or burns as well as of hypoproteinemias, hypoprothrombinemias, and of 
some hemorrhagie conditions. Preservation of plasma in the frozen state has 
been recommended as the safest, most efficient, and practieal method for the 
average hospital.'| The establishment of ** plasma banks’? in which the plasma is 
maintained frozen will allow most institutions to meet the routine or emergency 
needs of the communities which they serve in almost all instances. This is true 
of the present national emergeney. ** Banks”? of frozen plasma are being estab- 
lished in many hospitals throughout the country in view of the increasing danger 
of industrial accidents associated with large scale production and the possibility 
of enemy action within the United States. Large stores of dried plasma are be- 
ing prepared for use with the Armed Forces beyond the limits of the continental 
United States. Conditions do exist, and further situations may arise, in which 
a certain amount of dried plasma is needed for civilian use. 

Very few hospitals at present are in a position to offer the use of dried 
plasma for their patients, except through outright purchase of the material. 
This situation in effect denies the patient the opportunity of availing himself 
of the use of friends and relatives as volunteer donors. In a previous pulblica- 
tion'? it has been pointed out that this difficulty could be overcome if a group 
of hospitals would cooperate in the preparation of dried plasma. Since the 
preservation of plasma in the dried state is only seldom essential in the ordinary 
civilian practice, a single large institution could easily dry a sufficient quantity 
to meet the need of several others on a cooperative nonprofit basis. Almos! any 
hospital can easily maintain its own store of frozen plasma, whieh would 
supplemented by a small amount of the dried material supplied by the dr, 
center. Under favorable conditions, a large institution may assume the responst- 


he 


ving 


bility for supplying plasma in both frozen and dried states for neighboring i- 


stitutions. 
*From the Bryn Mawr Hospital, Bryn Mawr, Pa. 
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A plan of this nature has been operating suecessfully for over eighteen 
months in the Cincinnati General Hospital under Dr. Hoxworth.'® The service 
supplies the needs of fourteen hospitals with a total bed capacity of 4,235. A 
state-wide plasma service is being organized by Dr. James of the University of 
Vermont Medieal College." 

The purpose of this paper is to describe a method and an apparatus for 
the drying of plasma from the frozen state by low temperature water vapor con- 
densation in vacuo suited for the plan just mentioned. 

While the essential details of construction are given, no attempt is made 
to describe the apparatus minutely. Likewise, no attempt is made to give de- 
tails of performance under all conditions of temperature, vacuum, ete., nor to 
justify many statements made concerning newer methods employed, such as the 
shell freezing at relatively higher temperatures, ete. 


These phases of the work will be covered in subsequent papers. 


A DISCUSSION OF PREVIOUS APPARATUS AND BASIC PRINCIPLES INVOLVED 


Up to the present, all of the various apparatus deseribed for the desiceation 
of plasma from the frozen state have been either too small for practical use or 
too expensive if large enough to serve the purpose. Some apparatus, although 


inexpensive to purchase, have proved a financial burden because of the operat- 


ing expense and the need of much technical supervision. Most of these apparatus 
have been recently critically reviewed by Harkins.” 

Of all the methods in use, we feel that desiccation from the frozen state in 
the final container is preferred, because this method provides for maximal 
preservation of all elements of the plasma, maximum solubility, minimal oppor- 
tunity for contamination during the process of drying, and regeneration with 0.1 
per cent citric acid prior to use. 

It is important to note that the pH of plasma dried from the frozen state 
and restored with distilled water varies from 8.2 to 9.8. The same material re- 
generated with 0.1 per cent citric acid will have a pH varying from 7.4 to 7.8." 

The use of low temperatures for the condensation of the water vapor re- 
moved from the frozen plasma is preferred because it is efficient and relatively 
inexpensive. In the apparatus to be described here, the same source of low 
temperature is used for both prefreezing of the plasma in shell form and for 
Water vapor condensation during the process of drying. The source of low 
temperatures is obtained by expansion of compressed Freon-12 gas in evaporator 
coils or plates. It is based on the fundamental principles employed by the early 
Workers in this field. In addition, the successful operation of this apparatus 
involves five important facets, which previously had not been generally aecepted 
or taken advantage of: 

|. The temperature of freezing of plasma has little or no practical effect, 
Within the experimental limits (minus 12 to minus 72° C.), on the quality of 
the final product. 

2. The temperature at which water vapor condensation is carried out is 
hot critical, within the experimental limits (minus 30° to minus 72° ©.), pro- 
vided that the rate of evaporation at any time during the operation is sufficiently 
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rapid to avoid thawing of the frozen plasma. This is readily accomplished } 
using a condenser possessing a condensing surface sufficiently large and by tak 
ing advantage of certain details of construction of the condensing ¢hamber 
pointed out later. 

3. The temperature of the condensing coil durine the period of maximal 
sublimation may rise somewhat above the minimum mentioned (minus 80° © 
without adversely affecting the process, provided that during the last few hours 
of the process the temperature is maintained between minus 380° C. and minus 
39° C. or below. 

4. The temperature of the water jacket heatine the plasma may be raised, 
during a portion of the process, to relatively high temperatures (80° C.) wit! 
out impairment of any of the essential qualities of the resulting product, but with 
considerable shortening of the time of dry ing as compared with apparatus with 
out proper thermic control. 

». The temperature of the plasma itself may be raised to relatively high 
temperatures (75° to 80° C.) without deterioration, provided that the amount of 
moisture present is relatively low. This occurs in the last few hours of thi 
process. 

The demonstration of these faets has allowed the development of an efficient, 
practical apparatus, which will fit the program of plasma drying mentioned 
above. The use of very low temperatures (about minus 70° C.), which has been 
emphasized for both prefreezing and drying, has been one of the main factors 
in the almost prohibitive cost of other apparatus. Several types of inexpensivi 
standard refrigerating machines on the market are capable of producing constant 
temperatures in the nature of minus 40° C. and thus allow the construction of ; 
satisfactory apparatus at a low cost. 

In the construction of the apparatus, the following practical points wer 
kept in mind: 

1. The product obtained should, when regenerated with solvent, be as nearly 
as possible identical with the original material. The apparatus and process em 
ployed, therefore, must allow no degeneration to ocenr during the process of 
drying. The plasma obtained with the apparatus here deseribed in all ways 
complies with the regulations set forth by the National Institute of Health. 

2. The apparatus must be so designed and the operation so controlled as to 
be constant, thus insuring a uniform product. It must be remembered that | 
ing from the frozen state may be achieved in a great many ways and with much 


simpler apparatus. However, mechanical controls of temperature, recording 


devices for temperature and pressure, and other refinements of constr ction 
play an important role in insuring a uniformly good product. 

3. The apparatus must be simple and economical in its operation, as 
as possible automatic, so as to need a minimum of supervision once unde} 
It should provide facilities for shell freezing as well as for drving. To a 
simplicity and economy of operation, the apparatus, paradoxieally, has 
relatively expensive and complicated. 

It has been pointed out that drying from the frozen state may be ac 
with a simple and inexpensive apparatus.*| Such an apparatus, howeve! 
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limited capacity, requires much teehnical supervision, and is high in operating 
cost. The apparatus to be deseribed here was so designed as to have a capacity 
large enough for the need of several hospitals. It requires very little attention 
during the operation, and the operating expense is negligible. 

Thus the standard apparatus here deseribed freezes and dries 24 units of 
citrated plasma of 300 ¢.¢, each daily (7.2 liters), or 8,760 vearly (2,628 liters). 
The total cost of electric energy for shell freezing and drying is well under ¥.02 
per unit, or less than $175.00 vearly. For the same operation, if carbon dioxide 
ice Is emploved, the vearly cost of refrigeration would be about #£3,006.00, or 
considerably more than the entire cost of purchase of the apparatus.* 

In order te evaluate properly the construction and performanee of this 
apparatus, it is necessary to review the general basic principles of drying biologic 
substances. The Bordas and d’Arsonval apparatus,*” as reconstructed by us, 
demonstrates these basie principles in a simple form (Fig. 1). It consists of 
two glass flasks connected by a T-tube. One flask (A) contains a thin layer of 
material to be dried. The other flask (B) is the condenser. The T-tube is con- 
nected to a vacuun pump by means of a rubber tube ((@). which may be closed 
by a stout pineh clamp. The elass tube connecting the two flasks must be of 
sufficient size to allow free passage of water vapor from A to B. Flask A is im- 
mersed in water kept at plus 15° C., and Flask B, acting as condenser, is cooled 
by immersion in carbon dioxide ice-alcohol mixture, maintaining a temperature 
of about minus 70° ©, 

Containers A and B are stout-walled Erlenmeyer flasks of about 500 @.e. 
capacity. Under these conditions, when 80 ©... of plasma are introduced in 
Flask A, ‘*snap’’ freezing, from the heat loss due to rapid evaporation, occurs 
in about five minutes after starting of the vaeuum pump; thereafter, drying 
proceeds by sublimation of water from the frozen state. The water vapor is 
condensed on the cold walls of Flask B as fast as it is formed; thus it is not 
allowed to mix with the oil of the pump, which would rapidly reduce the effi- 
cleney of the pump. The dried plasma thus obtained appears in the form of 
irregular scales, has a residual moisture of less than 1 per cent, and is readily 
solul le, 

Practically all of the various types of apparatus in general use for drying 
under a vacuum are based upon variations in the method of condensing the 
Water vapor. 

In the original apparatus used by Bordas and d’Arsonval, liquid air or c¢ar- 
bon dioxide snow-acetone was used as refrigerating agent. 

Vansteenberghe** used sulfurie acid to absorb the water vapor instead of 
low temperature; Reichel’ and Flosdort and Mudd® used an apparatus similar 
to that of Bordas and d’Arsonval and CO, ice as the refrigerating agent for the 
“lyopile’? process; later Flosdort and Mudd® returned to the use of a chemical] 


dehydrating agent and employed calcium sulfate in their ‘‘ervochem process”; 


Hill and Pfeiffer’ used silica gel in their ‘tadtevae’’ process. 


Kiser®! was the first to report the use of coils refrigerated by the expansion 
Of compressed Freon-12 gas for condensation of water vapor. In actual opera- 
*7 cost of COs ice is computed at $.03 per pound, the lowest prevailing price when 
rurcha in large quantities. The amount of dry ice required is based upon our experience 
With a similar apparatus.” 
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tion, minus 34° C. to minus 36° C. were the lowest temperatures attained. Else 
pointed out that the loss in efficiency from the change of the condenser tempera 
ture from minus 70° C. to minus 382° C. was relatively slight, roughly 5 per cent, 

The failure of the mechanical refrigeration system of Elser has generally 
been laid to the too small differential in temperature between the substance 
being dried and the condensing surface. This is not confirmed by our findings, 
since satisfactory drying with a residual moisture of less than 1 per cent has 
heen obtained with a maximal differential temperature of only 65° C, 

We have already pointed out that the temperature of prefreezing is not 
eritical within the experimental limits (minus 12° C. to minus 72° C.). With 
the apparatus here deseribed, prefreezing and drying are carried out at much 
higher, and therefore much more convenient and economical, temperatures than 


generally employed without essential loss of quality of the material being dried. 


VP 

















A- Receptacle containing material to bedried 
( spread ina thin layer ) 


B-Receptacle acting as condenser. 
C-Connection to vacuum pump. 


Fig. 1.—Bordas and d’Arsonval Apparatus for the drying of easily alterable substance 


Greaves and Adair® likewise found that the lowering of tie condenser 
temperatures lowers the temperatures of the frozen material being dried to a 
very slight extent only. They suecessfully emploved as refrigerating agent 
methyl chloride, and obtained temperatures of minus 52° C. to minus 42° ©. 

Greaves and Adair state that with temperatures of minus 45° C., the per- 
centage of water remaining at the end of desiccation is much less than when 
higher temperatures are employed. We have found that with the water jacket 
of the drying chamber at plus 35° C. to plus 386° C. and temperatures of con- 
densation of minus 30° C. to minus 35° C., the residual moisture of the result- 
ing material is constantly less than 1 per cent. 

The method employed for the determination of the residual moisture is that 
described by the National Institute of Health, ice, drving of the material in 
high vacuum over phosphorus pentoxide to constant weight. 
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The great advantages in the employment of relatively high temperatures of 
water vapor condensation are, essentially, simplicity of operation and economy, 
since the heat neutralizing capacity of a compressor falls rapidly with the low- 
ering of the temperature of condensation. 


There are two methods of drying under vacuum whieh do not employ a 


condenser, One of these, the ‘‘desivae’* machine,'’ allows the water vapor to 


enter the vacuum pump and constantly removes the water from the oil by means 
of a high speed centrifuge. The high cost of this apparatus and the relatively 
long drying time make its operation uneconomical. Another method produces a 
vacuum by means of multiple steam jets, in which case the water vapor escapes 
with the steam, thus eliminating the need for a condenser. This method is par- 
ticularly suited to large quantity production on a commercial seale."! 

With the possible exception of the method of Greaves and Adair, all of the 
above-mentioned methods require large and expensive apparatus to dry enough 
plasma to consider the process practical. In addition, the use of chemical desic- 
eants requires redryving of the desiccant each time it is used, an operating en- 
tailing per se considerable time and expense. 

An apparatus for the drying of plasma from the frozen state by low tem- 
perature water vapor condensation in vacuo, previously described by us,’? was 
based on the principles laid down by Bordas and d’Arsonval and on the work 
of Shaekell,** Harris,*° and Rogers.** In the construction of the drying chamber, 
advantage was taken for proper heat distribution to the material being dried of 
copper split evlinders or shells enveloping each bottle. These shells, properly 
fastened together, formed also a desirable method of handling the bottles during 
the loading of the drying chamber, making the operation easy and rapid. In 
the construction of the condenser, we took advantage of details of construction 
pointed out by Reichel? and by Flosdorf and Mudd.® This condenser was ex- 
ternally cooled by the use of aleohol-earbon dioxide ice mixture. 

Routine use of this apparatus pointed out that while the drying chamber 
proved fairly satisfactory, the condenser was rather erude in design and ex- 
pensive in operation, particularly because of the cost of carbon dioxide ice and 
the necessity for almost continuous supervision. The presence of a secondary 
condenser made the apparatus difficult to handle and proper insulation an almost 
impossible task with the result that much of the low temperature produced by 
the carbon dioxide ice was wasted. The time of drying was three days or more. 

\n attempt was made to eliminate the use ef dry ice by cooling the con- 
denser by the use of a low temperature, two-stage (cascade) compressor using 
Freon-12 (or propane) and ethane as refrigerants and of a circulating brine 


1 


system giving a condensing temperature of about minus 60° C. This apparatus 
proved too bulky, expensive, and unreliable in performence.* 

Our early choice of low temperatures, in the neighborhood of minus 60° C. 
fo minus 70° C. for the operation of this condenser as well as for the prefreezing 
Of the plasma, was suggested by the generally held idea that such low tempera- 
tures were essential for the proper preservation of the product as well as for the 
proper functioning of the apparatus.” ° 


fetter two-stage compressors are built today, but they do not offer any practical ad- 
Vantag’ by the use of lower temperatures to offset the greater cost of purchase and mainte- 
nance, 
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DESCRIPTION OF NEW APPARATUS 


The construction of a condenser with refrigerated coils within the condenser 
chamber was next attempted. Coils within the condenser are more efficient be- 
cause of the excellent insulation provided by the high vacuum. This condenser 
was and is being used with a drying chamber similar to the one previously de- 
seribed. 

The standard apparatus deseribed here is capable of drying, in less than 
twenty-four hours, twenty-four lots of plasma each containing 300 ¢.e. in a 400 
e.c. container. Thus the capacity is 7,200 ¢.c. in twenty-four hours. The residual 
moisture of plasma dried in this apparatus is consistently well below 1 per cent 
of the weight of the remaining material, assuring adequate preservation and 
rapid solution when the plasma is restored with solvent.* 

It is to be noted that the time of drying depends upon several factors. The 
most important are as follows: 

1. The thiekness of the shell of the frozen material. A thinner shell dries 
much more rapidly than a thick one. 

2. The amount of heat applied to the frozen material in the process ot dry- 
ing. The more heat applicd, the more rapid is the process. Details of the ap- 
plication of heat will be elaborated upon separately. 

3. The diameter of the neck of the bottle. The larger the opening, 
more rapid the process within certain limits. 

4. The type of protection used to maintain sterility. In our method steril- 
ity is adequately maintained by covering the individual bottles with a large cuff 
made from two layers of 40-mesh gauze. This offers some resistance to the flow 
of water vapor and, therefore, lengthens the time required for drying. It is 
felt, however, that this is a desirable precaution against contamination. 

The complete apparatus described here is used for prefreezing (shell freez- 
ing) the plasma and for drying the plasma from the frozen state. It consists of 
four main parts: (1) a mechanical shelling apparatus, (2) a drying chambe 
with a water jacket, (3) a condenser with a mechanically refrigerated coil, and 
(4) a vacuum pump. 

1. Shelling Apparatus (Fig. 2).—This consists of an insulated metal pan, 
containing the cooling coils and the apparatus for rotating the bottles contain- 
ing the plasma. 

The cooling coil is formed of a series of straight copper tubes. The two 
center tubes are shorter to make room for a propeller which cireulates the cold 
aleohol. A plate type evaporator of suitable capacity may be used instead ot 
coils. The shelling pan is connected with a reservoir for the aleohol. Betore 
use, aleohol is pumped into the shelling pan. At the end of the process, the 
alcohol is returned to the reservoir by gravity. The shelling pan contains 4 
mechanical device, capable of turning twelve bottles at the rate of one-hilt to 
one rotation per minute. The arrangement of the rotating wheels is so thet the 


bottles will be immersed in the cooled aleohol about 12 mm. 


*The standard apparatus here described is constructed by the Precision Scienti! 
pany of Chicago. 
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2. Drying Chamber (ig. 3).—The drying chamber consists of a heavy 
brass evlinder (22.5 em. in diameter and 70 em. high) surrounded by a water 
jacket. It is closed on top by a heavy steel lid, which rests on a rubber gasket. 
The lid may be tightened by threaded lugs and wing nuts. The opening for the 
connection with the condenser is in the middle of the base of the drying chamber. 
This location constitutes an essential feature of the apparatus. It is flush with 
the base itself and is 5 em. (2 inches) in diameter, The connection with the con- 


denser is made by a short copper pipe, 5 em. (2 inches) in diameter, 
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g. 2.—Apparatus for shell freezing with circulator for refrigerated alcohol (schematic). 
100 c.c. bottle; B, rubber stopper; C, rubber-tired rollers; D, refrigerated alcohol level ; 
lated metal pan; F, evaporator coils; G, circulator; H, baffle board. 


The drying chamber is surrounded by a water jacket formed by a evlinde 
of rustproof metal fixed to the flange of the inner chamber. The water jacket 
Is 30 em, (12 inehes) in diameter and 90 em. (36 inehes) overall in leneth. It 
is provided with an electrical heater, fitted to the bottom and capable of main- 
taining the water at any desired temperature up to 80° C. This heater is con- 
trolled by a thermostat and relay. The temperature may be adjusted by setting 
the thermostat. The water bath is connected by pipes to sources of hot and 
cold water, 

Che dry chamber is fitted with four copper baskets. Each basket is com- 
posed of an outer split evlinder of 24 0z. copper approximately 22.5 em. in di- 
ameter (9 inches) and 20 em. in height (77% inehes). The lower border is turned 
in}2 mm. (14 inch). This strengthens the eylinder and holds the plasma bottles 
in place. This large eylinder contains a series of six smaller split copper 
evlinders welded to the inner surface. These are 11.8 em. high (4% inches) 


and ave of the proper diameter to grip the plasma bottle tightly. The basket 


ls completed by a transverse bar and springs, which maintain proper expansion 
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of the outer evlinder, and by a series of copper wedges, which assist in increas 





ing heat condution as well as the contact of the copper shells with the bottles. 






A recording thermometer is provided to determine the temperature of oni 





of the copper shells of the lower basket. It has a range from minus 10° ©. to plus 
s0° CC. The bulb of the thermometer is fixed to the bottom of the drying chamber 






and is in direct contact with two of the copper evlinders. Its reading is affected 






by the temperature of the bottle of plasma in the copper cylinders. A dial ther- 





mometer shows the temperature of the water bath. When the temperature shown 






hy these two thermometers remains within 42° ©. for two hours or more, thi 





plasma may be considered dry. 
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Fig. 3.—Apparatus for drying of plasma (semischematic). 
IN, Inlet of evaporator; OUT, outlet of evaporator; OW, wall of condenser chamber; pe 
C1-C2-C3, portions of the evaporator (refrigeration coil) ; J, inlet for water vapor; F, funnel- 
like opening conveying water vapors from the general condenser chamber to the coldest por- 
tion of the evaporator coil, C3; B, base of the condenser chamber: G, vacuum gauge; AF, alr 
filter; AJ, air inlet valve; V, vacuum line; VP, vacuum pump; H, 750 Watt heater WB, Sta 
water bath; DC, drying chamber; Pil, plasma; S, shield of condenser; 7, bulb of. re ling 
thermometer. ah 
. Oe . ° . pel 
One of the difficulties in the drying of plasma from the frozen state is D1 
‘ ( 
proper application of heat to the frozen plasma to counteract the cooling efieet in 
of rapid evaporation. If no heat is applied, the process will require several! days, rur 
while properly controled heating reduces the time to less than twenty-four in { 
. i 
hours. Heat from the water bath around the drying chamber is conducted to 
the plasma very satisfactorily by means of the copper baskets just deseribed. (3 
3. Condenser (Fig. 3).—In the construction of the condenser there are two sea] 
NU 


essential features: 
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1. The large water vapor inlet is located in the lowest part of the con- 
densing chamber, 

2. The refrigerated coils are so arranged that by means of properly placed 
evlindrical shields, the water vapor is made to travel a long distance and come 
in contaet with a large condensing surface. The last portion of the coil with 
which the vapor comes in contact is the coldest. This assures condensation of all 
of the water vapor and prevents any water from mixing with the oil of the 
vacuum pump. 

The water vapor enters the condenser from the bottom. This is very im- 
portant, beeause it allows slower diffusion of the water vapor and allows max- 
imal condensation on the first set of coils with which the vapor comes in con- 
tact. Under ordinary conditions, the greatest portion of the vapor is condensed 
on Coil C1. Some vapor escapes Coil C1 and reaches Coil C2. Here the vapor 
travels through a rather narrow space between the wall of the condenser and 
the eylindrieal copper shield S placed inside of Coil C2.) If a trace of water 
vapor eseapes Coil @2, it must travel through a narrow funnellike tube (I) 
to reach Coil C38 whieh is enclosed in a copper box. The vacuum pump is con- 
nected to the condenser by means of an opening in the top of this box. The 
ereat bulk of the water vapor is condensed on Coil C1, a smaller amount on 
Coil C2, and only a trace on Coil C38 (Fig. 4). No water escapes to the vacuum 
pump. This has been determined by placing a copper U-tube 5 em. in diameter 
in the vaeuum line V during experimental runs. The U-tube was immersed in 
a bath of earbon dioxide iee and aleohol maintaining a temperature of minus 
70° (. to minus 72° C. At the end of the runs no ice was found in the U-tube. 

A Servel F-12, four-evlinder, 34 h.p. compressor with dehydrator and oil 
separator is very satisfactory for cooling the coils in the shelling pan and in the 
condenser. The shelling pan and the condenser may be cooled simultaneously 
or individually. The F-12 gas should be pumped out of the coils before heat 
is applied in the condenser to melt the ice at the end of each run. The coils in 
the condenser will be maintained from minus 85° C. to minus 40° C. without a 
load, and from minus 30° CC. to minus 35° C. while the drying is being ae- 
complished. Oceasionally during the period of maximal condensation, the tem- 
perature may be a little higher. 

The condenser chamber itself is made of copper sufficiently strong to with- 
Stand a high vaeuum. The total leneth of the refrigerated coil is 13 m. (44 feet), 
and the inner diameter 1.56 mm. (5¢ inch). A dial thermometer shows the tem- 
perature of the ‘*In’’ coil of the condenser. This greatly assists in checking 
proper operation of the refrigerating compressor. An electric heater is provided 
in the condenser to melt the ice from the coils rapidly at the end of each drying 
run. The melted ice is then drained from the condenser through the opening 
in the bottom. 


The copper box (S of Fig. 3) is so constructed that the ice formed on Coil 


U3 will drain out once it is melted. This is accomplished by means of a self- 


sealing valve surrounding the ‘‘In’’ coil as it enters the box. The valve consists 
Of a short length of copper tube insulated from the rest of the box and approx- 
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imately 2 mm. larger in diameter than the refrigerated coil passing through it. 


When the drying process is initiated, water vapor very soon freezes around the 
refrigerated coil passing through the valve, and so seals it. When the ice is 
melted, the valve is open and allows water from Coil C3 to drain from the con 


denser. 


Fig. 4.—Ice formation on the condensing coil after a standard run (about 7200 c.c.) 


4. Vacuum Pump and Gauge. —The large Welch Duo-Seal or the 
Megavae with 14 h.p. motor has proved adequate. The pump must ha 
capacity sufficient to evacuate the system to a pressure of less than 2500 microns 
in ten minutes and 500 microns in less than fifteen minutes with the temperature 
of the condensing coils at minus 380° C. to minus 40° ©, 

A Pirani type vacuum gauge, such as the Truvae Gauge, Model 12, is 
factory. It should be graduated from 2500 microns to 0 microns. A Mae! 
type mercury gauge is also satisfactory. It is desirable to have, in addit! 
rough dial type vacuum gauge, reading from atmospherie pressure to ze! 


be able at a glance to watch the initial rate of evacuation of the system when 


hat all 


a drying run is being started. This ascertains, in the first minute or so, t! 


outlets have been properly closed. 
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The entire apparatus is compactly assembled in a single cabinet and all 
switches, valves and recording dials and instruments are placed on a single panel 
(ig. 5). 


Fig. 5.—Standard shell freezing and drying apparatus. In the rear can be seen the shell- 
ing pan; in the right anterior corner the drying chamber, and in the middle front the panel 
board 


MECHANICAL SHELL FREEZING AT MINUS 20° ¢. 'TO MINUS 35° c. 


We had previously found that the choice of low temperatures in the neigh- 
borhood of minus 60° C. to minus 70° C. for rapid prefreezing of plasma does 
not offer any practical advantage. A mechanical apparatus which gave good 
results'* was developed for shell freezing at minus 40° C. It was found, how- 
ever, that shell freezing at temperatures higher than minus 40° C. was not pos- 


sible with continuous rotation, because plasma would become supercooled at 
minus 6 


C. to minus 12° C., and would then ‘‘snap’’ freeze, with slushing and 
formation of an irregular shell, with large lumps which greatly interfered with 
dryine later on. 

attempting to shell freeze plasma at temperatures between minus 20° ©, 
inus 385° C., it was noted that if early initial local freezing occurred in con- 
vith the inner surface of the bottle, shell freezing continued thereafter 
Without lumping. It appeared necessary in the course of experimental work 
to produce a relatively rapid cooling of plasma to about plus 10° C. from room 
temperiture followed by local freezing, to avoid supercooling of the entire mass 
and slushing following ‘‘snap’’ freezing. This is accomplished with the fol- 


and m 
tact \ 
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lowing technique: The plasma bottle is rotated slowly (1% to 1 r.p.m.) with 
12 mm. immersion in alcohol cooled to minus 30° C. to minus 35° C. for a 
period sufficiently long to bring the temperature down to about plus 10° C. The 
length of time required for this operation depends chiefly on: (a) the tempera 
ture of plasma, and (b) the temperature of the brine. It varies from three to 
ten minutes. With plasma at plus 25° C. and the brine at minus 30° C., about 
ten minutes are sufficient. After the period of cooling, the rotation is stopped 
long enough to cause the lower portion of the plasma to ‘‘snap’’ freeze to a 
depth of about 3 to 4mm. This requires two to four minutes. The phenomenon 
is, as a rule, clearly visible. It is important to remember that during this period 
of time, the bottle of plasma must not be disturbed, and that the depth of im- 
mersion of the bottle in the cooled aleohol must be 10 to 12 mm. only. Ocea- 
sionally, and for no apparent reason, one bottle may take considerably longer to 
show initial *‘snap’’ freezing. It must not be disturbed until ‘‘snap”” freezing 
has occurred. It is desirable to obtain a temperature of minus 35° C. or a little 
lower before placing the bottles in the shelling pan. 

When the local **snap”’ freezing has occurred in all of the bottles, the ro 


tating motion is resumed, and shell freezing oceurs at a regular rate and very 


evenly. With a temperature varying between minus 35° C. and minus 25° (., 
it requires one hour and fifteen minutes to one hour and twenty-five minutes for 
complete shell freezing of 300 ¢.¢. of plasma. The quality of the material thus 
frozen is practically identical with that obtained from shell freezing at minus 
70° CC, The material thus obtained is readily recognized as it shows a longi- 
tudinal portion of microcrystalline, homogeneous aspeet, lighter in color, and 
about 4 to 5 em. wide and 3 to 4 mm. thiek. The remaining portion shows a 
macrocrystalline structure. This aspect is clearly retained after drying from 
the frozen state (Fig. 6). 

When the plasma is shelled, the bottles are placed in a storage eabinet at 
minus 20° ©. to minus 30° ©. to cool. It takes about tour hours for the frozen 
material to cool from about 0° C. to minus 20° CC. The plasma thus shelled can 
remain in cold storage for an indefinite period of time.’ 

About one hour before initiating the drying process, the copper baskets are 
placed in the low temperature cabinet to cool. At the same time, the bottles of 
shell-frozen plasma are removed, one by one, from the storage eabinet and, under 
aseptic precautions, the rubber stoppers are replaced by large sterile gauze 
cuffs formed of two layers of 40-mesh gauze. The bottles are now placed in 
the copper baskets, and allowed to cool for about one-half hour at minus 20° ( 


’ 


minus 30° C, 





TESTING AND OPERATION OF THE APPARATUS 








Before each run the apparatus should be tested to be sure it will produc 
a Satisfactory vacuum and low temperature. The drying chamber and the 
valve are closed, and the compressor is started and allowed to run until the | 
mometer on the condensing coil registers minus 30° C. or less. The vacuum 
pump may then be started and a vacuum of 500 microns (Truvae gauge) 01 
must be obtained in fifteen minutes or less. If this is aeeomplished, the vac 
pump is shut down, the vacuum is released, and the drying ehamber ope! 
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The copper baskets containing the shell-frozen plasma are rapidly placed in the 
ehamber, the lid is closed, and the vacuum pump started. This operation ean 
readily be accomplished in about two minutes. A pressure of 500 microns or 
less should be attained in fifteen minutes or less to avoid danger of thawing. 
The water in the water jacket of the drving chamber must be cool, not over 25° C. 


Fig. 6. —Bottle of dried plasma showing on the left homogeneous aspect corresponding to 
ion of plasma “snap’’ frozen, and on the right the gross crystalline structure prevailing 
remaining portion. 


‘he operation is allowed to proceed for one hour. The heater of the water 
Jacket is then turned on with the thermostat set at plus 50° C. Drying is al- 
lowed to proceed until the thermometer recording the té mperature of the plasma 
has |een for twe hours or more within two degrees of the temperature of the 
wate in the water jacket. The vacuum pump is then stopped, and filtered air 
ls allowed to enter slowly through the inlet valve. This air passes through the 
condenser before it enters the drying chamber and thus is dried. The opening 
of the inlet valve is covered with 40 to 50 lavers of gauze to effect a good filtra- 


Hon air, sufficient per se to minimize danger of contamination. The air 


shoul be allowed to enter slowly, taking about five minutes for the entire op- 


tration. The copper baskets are removed one at a time, and the bottles promptly 
stoppered.!? The bottles are then evacuated, and the rubber stoppers are covered 
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with gel caps. This method of closure is sufficient for preservation up to three 
years. If the preservation is to be for longer periods of time, the material is 
vacuum-sealed in tin cans." 

The time of drying with a continuous temperature of 50° C. in the water 
Jacket is less than eighteen hours. When it is desirable to reduce the drvine 
time, the temperature of the water jacket may be increased up to 80° C. for a 
period of time. 

The dried plasma obtained with the apparatus and technique outlined 
above is a light, porous material, with a distinet erystalline structure, and a 
volume slightly less than that occupied by the frozen plasma. Tt may be readily 
reduced to a fluffy powder by shaking, in which cease it oceupies about one-third 
of the original volume. The powder thus obtained is readily transferred to an 
other receptacle for purpose of residual moisture determination or of combining 
the content of two or more bottles. The color of the dried plasma is light amber, 
when the original liquid plasma had a hemoglobin content of less than 5 mg. It 
is very soluble in water. When solvent is introduced by vacuum suction, dried 
plasma containing 17.5 Gm. of plasma proteins (the equivalent of about 300 e.. 
of fresh citrated plasma) dissolves entirely in 250 ¢.¢. of distilled water or 0.1 
per cent citric acid solution in less than one minute, including the time consumed 
by the introduction of the solvent. 

The resulting fluid is stable at room temperature for at least several days; 
it has a maximal content of complement, and a maximal content of prothrombin 
if regenerated with 0.1 per cent citric acid solution.’” The use intravenously of 
properly prepared material causes no untoward reactions, save an occasional 
(less than 1 per cent) urticarial reaction. 

The size of the apparatus here described is considered best for the purpose 
intended, namely, for large hospitals to dry plasma for their own use and for 
neighboring institutions. Both smaller (1800 ¢.e. daily capacity) and larger 
(21,600 ¢.c. daily capacity) units have been successfully operated, however. 
When larger units for commercial operation are built, it is desirable to institiite 
automatic temperature control, for minimum drying time with the least technical 
supervision, by the installation of a cam-type combination thermoregulator and 
recording apparatus, such as the one furnished by the Foxboro Company, Mass. 

In addition to human plasma, serum, guinea pig complement, bacterial cul- 
tures, milk, many fruit juices, culture media, and even meats and_ otlie 
products have been dried with the machine here described with excellent preser 
vation of all essential properties including flavor and vitamin content. 

The advantages of the apparatus here described over other apparatus are: 

1. Both prefreezing in shell form and drying from the frozen state are ac 
complished by employing the same economical source of low temperature. 
2. The apparatus is very simple in operation and almost entirely automatic. 


3. It vields constantly a product in every way satisfving the requirements 
set forth by the National Institute of Health. 

4. The time of drying is considerably shorter than that obtained with other 
methods. 


do. The total cost of operation per unit is very small. 
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A NEW FIBRINOLYTIC METHOD FOR TILE ASSAY OF PROTEASES 
AND ITS APPLICATION TO AN ANALYSIS OF COAGULATION 
PHENOMENA IN RABBIT BLOOD? 


JoHN H. Ferauson, M.D., ANN Arpor, Micah. 


a 1939, this laboratory has been contributine evidence for a new theor 
of blood-clottine, based Upon the dominant role of serum trvptase, a pro 
teolvtie enzvmMe, long recognized by biochemists Oppenheimer . Even in the 
complete absence of formed elements, this plasma enzyme normally performs 
actions whieh we are able to duplicate with crystalline (panereatic) trypsin, 
in vitro. These actions are | thromboplastic eonversion of prothrombin 


thrombin whence the designation ‘*thromboplastie enzyme’"!), (2) digestion 


of prothrombin® and thrombin® (whenee the term ‘* progressive’? antithrombi 
to distinguish the latter from ‘‘immediate,’’ neutralizing and reversibl 
Inhibition of thrombin, for example by heparin and its albumin-fraction 


factor’*), (3) Ivsis of fibrinogen and fibrin’ (whence the term **fibrinolysn 


is superfluous). Clot retraetion is probably just the initial phase of trv] 
digestion of the clot, and natural fibrinolysis plays an important 

the resolution of (blood) elots in’ vivo.’ Ferguson’s claim that a 
deficiency of available trvptase is the true explanatt ‘the coagulation 

in hemophilia? has been confirmed by Feissly"’ with the aid of a ge 
liquefaction technique. Continued search for a method whereby this and ot 


problems relating to the tryptase factor could be put to a quantitative test 


vielded a new assay technique, as follows: 


ASSAY OF TRYPSIN BY 


{ Re latins Turbidine fy Wath thi Photos l, ( ty? Colorime t¢ at We thie 


Varving amounts of trypsin are added to alkaline (buffered) mixt 
] 


fibrinogen and thrombin and lysis of the clots formed is timed by the 1 


4 


positions of the curves charted with the aid of the Evelyn apparatus. 
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» fibrinogen is buffered with barbiturate,® borate, ther suitable 
7.9-7.79 is sufficiently alkali for the enzyme netion, 
mpairing turbidit to the on with unduly ¢ 
reagents are mixed im the 


experiments on imnibitoi 


In order to minit 


five to ten seconds before the onset ’ ¢lotting. 
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1 Assay of erystalline 
Wit! t Dy 
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velyn photoelectric 
pH 


1 I rinol . Relati turbidimetry 
colorimeter, 1 fF 1:400 Tal is Temp. 22 , 


Du Tp} 


Phe data presented graphically 


in Fie. 1 form a typieal 


rererence 
series on a erystalline trypsin preparation, 1 me. of which analyzed 4.24 x 10 
TU. by the Anson and Mirsky method.’® Ten per cent fractions of a stock 
100 r cent = 1:4000) were used in one-tenth vol. (vy. supra ), henee the final 
“oncentrations vary from 1:40,000 down to 1:400,000. The curve for 1:400,000 
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(10 per cent) is incomplete since fibrinolysis in this cease required 15 to 16 
hours, as compared with 7 hours, 5 hours, 8 hours, 145 minutes, 180 minutes, 
110 minutes, 90 minutes, SO minutes, 72 minutes, for the 20 per cent to 100 
per cent, respectively. The control was completely unaffected in 24 to 48 hours. 
Temp. = 22° ©, pH] = 7.5 (eheeked in all tubes, with glass electrode, at com 
pletion of fibrinolysis). Clotting-time (C.T.) 25 seconds: the same in the 


control and all the enzyme-containing mixtures, 


Instrument data.—Green filter (540). Galvanometer (G) values: (1) Blank 
(10 @.c. saline 10G0; (2) initial reading (all tubes) 930: (3) final reading 
(all tubes, except control ) O40), 


The slight persistent turbidity is due to a very faint opalescence, probably 
associated with traces of lipids or thrombin impurities whieh are still present 
after fibrinolysis. 

Comment.—The absence of ©.T. change is evidence that the thrombin 
and fibrinogen are not significantly attacked by the trypsin concentrations 
used. However, the relative turbidits iS progressively lessened as the eCnzyme 
strength is increased (see Fig. 1) and this is probably a more sensitive indica 
tion of a minor degree of fibrinogen destruction. Such fibrinogenolysis as may 
occur enhances the sensitivity of the turbidimetrie test, but lessens the = sig- 
nificance of the actual values. It is not the shape of the curves which = is 
significant, but their relative positions alone the time axis. A simple eharting 
of galvanometer scale readings ((@) serves the purpose of timing the fibrinolysis 
just as satisfactorily as the corresponding ** photometric densities’* (12), which 
require computation by the formula L == 2 — jog G. Both methods are il- 
lustrated in Fig. 1. The steep terminations of the curves for the various 
mixtures are clearly separated by marked time differences. Hence, the strength 
of any ‘‘unknown”’ solution of similarly-acting Ivtic agent (suitably diluted 
can be assayed from the position of its end-curve with reference to those for 
the standard trypsins. A good commercial trypsin of known potency is just as 
serviceable as the crystalline enzyme.* The 10 per cent ‘‘limit of error” is 
extremely liberal, particularly with the longer-actine (i.e. weaker) trypsins. 

In preliminary testing for suitable dilution range, simple visual timing 
of fibrinolysis is adequate and the photometer can also be dispensed with if the 
‘lytic times’’ are sufficiently lone and well separated. Turbidimetry is. in- 
valuable, however, for enhancing the reliability of observation and permitting 
assays to be made with the greatest possible accuracy in the shorter time 
intervals. The absolute practical sensitivity of the fibrinolytic assay is of the 
order of 1:1,000,000 final crystalline trypsin (4.24 x 10° [T.U.Jan), whieh 
makes the method especially applicable to quantities of enzyme too small 
to be assayed by all but the best (Anson and Mirsky'™) proteolytic met!:ods. 
It offers three improvements over the method used for bacterial ‘‘fibrinoly sin” 
by Christensen :'* (1) standard reference enzyme, (2) greater accuracy o! the 
photoelectric timing, (3) an absolutely stable (tryptase-free) fibrinogen is not 
essential. A trace (0.1 per cent) of citrate is not objectionable, but try ptas 


inhibitors must be absent. 


*Further detail as to standard “units” and reagents is given in a note to F¢ ution 
Proc. (1943). A Newer Method, by Lysis of Fibrinogen, Proc, Soc. Exper. Biol. & M det 
2438, 1943. 
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Effects of Varying Fibrinogen Concentration, Method.—Five strengths of a fibrinogen 
solution (v. supra), which vielded 200 mg. of fibrin per 100° c.e, (dry weight, by a modified 


Gram method), were clotted by Ty (as above) in the presence of 1/10 volume of 1:4000, 
1:8000, 1216000, 1:32000 X.T., along with a control (without trypsin) for each series. 
Table IT summarizes both the clotting-times and the ‘‘lytie times,’’ determined with the aid 


of the photoelectric colorimeter. 


Comment.— As expected, the rate of fibrinolysis is speeded up by lowering 
the substrate (fibrin) concentration. The clotting-times indicate that the 0.2 
per cent fibrinogen was a little too strong for optimal clotting and gave slowest 
lvsis with both strongest and weakest enzyme concentration. The 0.0125 per 
cent fibrinogen was too weak, giving longer clotting-time (hence favoring 
fibrinogenolysis by the added enzyme) and insufficient turbidity. Nevertheless, 
the control remained stable for three days and the turbidimetric timing of the 
Ivsis seemed satisfactory. It was particularly noted that the weaker fibrins 
gave quicker lysis with both the strongest and weakest enzyme concentrations. 
The faets suggest a trace of natural inhibitor in the fibrinogen. With inter- 
mediate enzyme concentration (final cone. = 1:80,000, 1:160,000) the varying 
fibrinogen produced only minor differences in the lytic times. It may be con- 
cluded that a fibrinogen concentration of 0.05 to 0.1 per cent is optimal for the 
trypsin assay. With trypsin concentrations below 1:300,000 (final), somewhat 
weaker fibrinogens may be advocated. 

Effects of Temperature and pil.—Our experience confirms the information 
given by Christensen, for bacterial ‘‘fibrinolysins,’’ and the data need not be 
presented in detail. We find it convenient to carry out the lytie tests at room 
temperature (20° to 25°C.) and a thermostat water-bath is indicated only 
for timing lysis occurring more rapidly than two hours. Tryspin has a broad 
zone of optimal pIl (S to 9, Northrop) and considerable activity is retained 
well into the acid side of neutrality. The fibrinolytic method is adapted to the 
assay Of any proteolytic enzymes which are active between pil = 6.5 and 8.5. 
Too great alkalinity lessens the ‘*photometrie density’’ of the fibrin gel, leading 
us to prefer a pll 7.9 7.75 as the practical optimum for the method, 
albeit this is about the limit of usefulness of the barbiturate buffer recommended 
(since barbituric acid tends to precipitate from the buffer mixture). 


TABDE I 
EFFECTS OF VARYING FIBRINOGEN CONCENTRATION ON ASSAY OF TRYPSIN BY FIBRINOLYSIS. 
“‘Lytic TIMES’? avr 25° C., pH = 7.5 
FI INOGEN CONC, (%) 0.2 0.1 0.05 0.025 0.0125 
Trypsin cone. (final) 
l 00 75) min. 60 min. 15 min. 10 min. oo min, 
1:80,000 2 hr: 24 hr. 1? hr. 14 hr. 13 hr. 
1: 160,000 34 hr. + hr. 3 hr. Sor: 24 hr. 
l 1000 9 hr. 74 hr. 5. hr. 5 hr. 34 hr. 
) 00 00 00 00 00 
Clotting-times 30) see, 25 see, 25 see. 26 see. 55 see. 


; None of the controls showed any Ivsis in 3 days. The clotting-times are for the con- 
trols it were not significantly modified by the addition of enzyme in the manner specified. 
Se With Other Proteases.—The new method obviously suggests appliea- 
tion to the study of all ‘‘tryptases’” (Oppenheimer?) including those of plasma, 
leueovvte (and platelet), and tissue origin; also bacterial proteases and the 
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proteases in snake venoms (whieh may possibly liave a bacterial origin), and 
papain. It is an easy way to control steps in the purification of such enzymes 


and their behavior with respect to small changes ino pil, salt concentration 


action of inhibitors, ete. 
SERUM-TRYP | LND BI ) LOTTI . THE RABBIT 


The following materials were tested: elirated (0.88 per cent 
rabbit plasma, diluted to routine volume ith thymol-saline; B, sami 


| 
1:2. dilution) eitrated plesma clotted by ess of CaCl, the fibrin beine 


removed by whipping with a elass rod, leaving 1 serum for the chloro 


form treatment (infra); © “we, enzyme-lr 


thrombin (1:100 dilution of Parfentjev’s 


the fibrin lhkewisi 


hbeine removed: 1). the fibrin from (, washes thor uehly 1h three ehanees 
of saline and resuspended in routine volume (25 ¢.e. ‘saline: KE, ten-hour-old 
serum trom éelotted whole 1) MOT, In Orde ’r to remove Ur) pSin Inhibitors whie 

CO} sid red at this tim , wi emploved the old hie thod ot Nolf, el 
Taenon'’), shakine with « nth volume of chloroform. The (50 @.¢.) bottl 
were centrifuged after three-quarters of an hour, the supernatant being | 


in contact with the CITC), and samples removed 1, 6, 24 hours from start ot 
treatment. Clottine-tests and controlled fibrinolytic studies (routine 


t trv psmn 


assay method) are summarized in Table TT. 


Room temperature we Ay: : fo aR 7.79 (barbiturate b 
1 ¢.c. test-material in 10 ¢.e. fibrinogen-citrate (0.03 per cent -bufier mi 
Standard trypsins: X.T. (vy. supra 1:500,000: 1:1,000,000. 1 :2,000.00U 


(final concentration) gave ‘lytic times’? of 1214, 18, 24 hours, respe 


while the control (fk was stable for two davs. Tests were made hot 
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{ 


the one-hour and the 24-hour samples, the laiter with a weaker (1:5) fibrinogen. 


Kxeept for a very slight increase in enzyme activity in B in the 24-hour, as 
compared with the one-hour sample, the data (including standards) were so 
hat only the tests with the one-hour iaterials will be cited Table I 


i 


4 
( 


similar 
Daia—A and EF showed no digestive activity in four days. Indeed, thes 
were more stable than the control (F.) of 48 hours ‘‘lytie time,”” sugeesting 
the presence of an anti-tryptase factor. In D, fibrinolysis was complete in 20 
hours, with © not far behind (29 hours). B (one-hour sample) was weakly 
postive, with digestion about half completed in 36 hours, and quite clear in 
10 hours (when the control was just beginning to lvse). All tests indicate vers 
little enzyme and fall below the satisfactory working range of the method. 
Even so, the data are valuable and, allowing for the plasma dilution (final 
25), 1t can be stated with some assurance, that the rabbit) plasma 
materials tested have a trypsin (X.T.) equivalence (by the fibrinolyti 
of less than 1:40,000. This is equivalent to .025 me. X.T., or 1.06 ~« 10-4 
er @e. Comparison with dog, human, and other plasmas will be 
for a subsequent communication, but it may be stated that the rabbit dat 


significantly lower than in carnivorous species. This offers a rational expl 


tion of the exceptional stability and enzyme-free character of Parfentjev’s 
“rabbit clottine elobulin,’? which makes it so exeellent a thrombin for the 


assay test and other purposes. 

Owing to the relative paucity of serum-tryptase, rabbit blood behaves 
somewhat differently from dog blood, in clotting experiments, under conditions 
similar to those employed by Tagnon.! 


COAGULATION TESTS 


Room temperature 23 2° (. Clotting-times for 1.0 6.6. weak fibrino- 
gen solution plus 0.5 «¢. chloroform-treated materials. Character of clot) (in 

nthesis, Table II): complete (tube invertible); incomplete. 

significance of the experimental data may be interpreted as follows: 

I. When plasma is shaken with CHCl, and the tryspin-inhibitors thereby 

itralized,’’ small amounts of serum-tryptase are activated. By its fhrom- 

lastic action,’ * notwithstanding depression of the Ca-ions due to the 


] ! 


fe present, the enzyme activates a part of the prothrombin to thrombin. 
Increases to a low oh ak’? level and then decreases. We do not wish, at this 
to discuss the several possibilities which might aceount Yor the later 
ase, but adsorption on fibrin, ‘‘immediate’’ anti-thrombins (i.e. ‘‘meta- 
bin’? formation) and progressive thrombinolysis may be mentioned. The 
tence of such a weak thrombin at all shows that tryptie thrombinolvsis 
‘ligible. Considerable unaltered prothrombin persists in the CILCL,-treated 
a, as shown by (95-minute) recalcification of a sample and adding to 
ogen, when solid clotting occurs in eight minutes. The recaleification 
produces no elot in the CHCI,-plasma itself; neither does added thrombin, thus 
showing that the fibrinogen has all disappeared. It is, in fact, deposited as a 
fibri coagulum (flocculant) adjacent to the chloroform laver in’ bottle A. 
No s 


act 


h appearance is seen in B KE. The thrombin formed by the tryptase 
is sufficient to account for the fibrin deposit. The clots in the tests with 
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fibrinogen, although incomplete, were perfectly stable for three days. The 
important conclusion is that serum tryptase, in amounts too small to be detected 
by any of its other actions (viz., lysis of fibrin or thrombin, or their preeur 
sors) is, nevertheless, able to exert the typical thromboplastic action in the 
conversion of prothrombin to thrombin. 

2. In reealeified plasma, thrombin production proceeds in the natural 
manner but is doubtless aided by the thromboplastie action of small quantities 
of tryptase liberated by the CHCl,-treatment. This might not be true if the 
conversion of prothrombin to thrombin were completed prior to the addition 
of chloroform. In the present experiment, however, the conversion was definitely 
retarded and for an unusual reason, namely, too great an excess of Ca, occa 
sioned by the inadvertent use of stock (N/2) instead of the customary (N/10 
CaCl,. Thus the preliminary plasma clotting required twenty minutes, instead 
of three minutes noted on repetition with N/10 CaCl. Thinking that the 
experiment might be instructive, the first sample was chosen for the CIC] 
treatment and it did vield the pertinent observation that additional thrombin 
continued to form during the twenty-four hours of contact of the serum with 
chloroform. No evidence of tryptic thrombinolysis was obtained. The fib 
rinolytie test proves the paucity of tryptase, but the assay is definitely positive 
and in the clotting-test there was enough enzyme to produce clot retraction 
in three and one-half hours and the clot had almost lysed by the end of the 
third day, when observation was discontinued. 

3. The addition of enzyme-free thrombin to citrated plasma produces 
complete conversion of fibrinogen to fibrin and unequivocal liberation of 
tryptase (see lytic tests). There is no evidence of any immediate thrombin 
formation from the plasma prothrombin. The slight excess of added thrombin 
is sufficient to account for the weak (60-minute) clot after the one-hour CHC] 
treatment. By the end of six hours no thrombie activity is left, probably owing 
to destruction by the tryptase formed. After twenty-four, hours a (weak 
thrombie action reappears. This is attributed to the slow thromboplastie action 
of the enzyme on the prothrombin of the serum. That an abundanee of pro- 
thrombin persists unaltered in the serum is clearly shown by a test in- which 
a (30-minute) reealcified sample of the twenty-four-hour serum e¢lots a_ test 
fibrinogen solidly in eighty seconds. The lytie tests reveal the small quantity 
of tryptase responsible for these effects. Retraction of the weak original elot 
(1) and ((), oceurred on the second day but lysis was far from complet: 
the end of the third day. 

4. That well-washed fibrin contains traces of thrombin, which ean 
eluted with saline, is the basis for the old Gamegee-Howell method of thro! 
preparation. The slight increase in the thrombin obtained after six |i 
is probably due solely to the longer period of extraction. Enzymie throm! 
lysis may account for the falling off in thrombie activity in the twenty-four-! 
sample. The persistence of such a weak thrombin in the presence of the s 
tryptase revealed by the fibrinolytic tests is remarkable, however, and sue 
that adsorption onto the fibrin protects the thrombin (to some extent) ‘vom 
the digestive action of small quantities of enzyme, which are obviously also 


adsorbed onto the fibrin clot and eluted with saline. The positive tests of ( and 
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D show that the tryptase liberated by the CHCl, treatment is divided between 
the serum and the elot. Tagnon' was, therefore, well advised in shaking the 
whole clotting mixture with CHCL, in his fibrinolytic experiments and we pro- 
pose to continue this practice in the clinical examination for human blood 
trvptase. 

5. The serum experiments show a trace of persistent thrombin, which 
is to be expected in the absence of demonstrable tryptase activity.® The fibrin 
in the clotting tests was still solid after three days. 

The close parallelism between tryptic and clotting activities, evident in 


these experiments, suggests. an autoecatalytic process of enzyme activation. 
DISCUSSION 


We should like to point out the undoubted confirmation, which Tagnon’s!” 
data afford, of the views expressed in’ frequent communications from the 
Michigan laboratories during the past three years. We have delayed full con- 
sideration of the role of serum tryptase in fibrinolysis because of a conviction 
that this is a minor and variable side-action of the role of the enzyme faetor in 
blood-clotting. The present experiments with rabbit blood add emphasis to this 
view. 

In evaluating the experiments of Eagle and Harris,'’ Tagnon is correct 
in pointing out that they compared crystalline trypsin to Ca **thrombo- 
plastin’’ without attempting a definition of the latter term. Eagle’s work 
must be eredited with stimulating renewed interest in proteolytic enzymes and 
their relationships to blood clotting, although considerable older data appear in 
the literature and we must give a niche te the long-forgotten study of Colling- 
wood and MaeMahon, 1913," suggesting a relationship of trypsin to progres- 
sive antithrombie action. 

In extendine Eagle’s observations, Ferguson (op. cit.) has sought to 
demonstrate that the natural serum tryptase (long known to enzyme chemists) 
actually as the chief thromboplastie factor of the blood plasma. While it can 
act under eonditions of not-too-great depression of the Ca-ionization as shown 


‘ _ ’ 3, 4 
Ferguson 


by Eagle,! points out that Ca and cephalin are essential for 
optimal prothrombin activation. Particularly noted® in this connection is the 
stability’? of the clots obtained, which is a phenomenon again emphasized by 
Taegnon' in his rather obscurely presented view concerning ‘‘inhibitory’’ ae- 
tious of ‘*thromboplastin’’ (and ‘*prothrombin’’), Current studies of trypsin 
mibitors ave yielding very interesting data, which will appear trom the 
Michigan laboratories in due course. That a deficiency of serum tryptase is 
the ‘bane of the Hapsbures’’ is the Ferguson (1989)° theory of the causation 
of emophiha. 
SUMMARY 


\ new fibrinolytic method of protease (especially tryptase) assay is de- 
tailed. It can detect small differences within a range of (final) coneentrations 
of 1:40,000 to 1:1,000,000 erystalline trypsin (1 me. X. T. = 4.24 10 
(T.l.| yy). While the wide fields of usefulness of the new methods are illustrated 


onl, at the extreme limit by the rabbit blood clotting experiments here pre- 





1164 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


sented, it is significant that this animal yields serum tryptase not in excess 


of 1:40,000 (X.T.) per cubic centimeter of materials tested and that appreciable 
quantities of enzyme liberation require coagulation(!) whether by added throm- 
bin or by recalcification. With these relatively small amounts of enzyme 
(probably a species peculiarity ), **thromboplastie conversion of prothrombin 


to thrombin yields stable thrombin and stable fibrin clots. 
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EFFECT OF TOURNIQUETS ON VENOUS BLOOD SUGAR VALUES* 


WINIFRED C. LouGuiix, M.D., Herman O. Mosentriran, M.D... AND 
RutH HauLrern, B.A., New York, N. Y. 


IIE influence on the blood sugar level of a tourniquet emploved to distend 
the veins in carrying out venepuneture has never been considered, and vet 
obvious possibilities exist. 


METHODS 


The present determinations were carried out, using a blood pressure euff 
with mereury manometer attached as a tourniquet. A control series of observa- 
tions was made without the use of a tourniquet. The tension applied to the 
upper arm was either above the svstolie arterial pressure, ‘‘svstolie tourniquet,’’ 
or at or above the diastolie pressure, but distinetly below the systolie pressure, 
“diastohe tourniquet.”” Each one of the three procedures was earried out on 
five normal subjects in the fasting state. An interval of several days elapsed 
hetween each of the three experiments. The blood sugar determinations were 
carried out over a period of about six minutes. 

The venous blood sugar estimations were made according to the method 
of Folin and Malmros! as modified for the photoelectric colorimeter by Saifer, 
Valenstein, and Hughes.2 The determinations were carried out in duplheate 
on a carefully standardized photoelectrie colorimeter. 


TABLE I 
CONTROL LEVELS OF BLOOD SuGAR Ma. PER 100 €.C., CORRESPONDING TO CHART 


) ’ 


CASE 1 CASE 2 CASE 3 CASE 4 | CASE 5 
No Tourniquet Q5 1G8 | 100 LE 104 
\rterial Tourniquet SS 98 S4 102 89 
Venous Tourniquet 8] 93 99 125 103 


RESULTS 


The blood sugar series determined without a tourniquet serve as a control 
the subsequent ones. The variations from the imitial blood sugar in the 28 
id sugar estimations comprised in this group, varied above 6 mg. per 100 ¢.c. 
only two instances: Case 2, 10 meg. below the control level, and Case 4, 10 
above the control level. From these results it may be concluded that changes 
(0 me. or less are within the limits of error for the present procedure, 

The curves obtained when an arterial tourniquet was applied are distinetly 
e variable than when no tourniquet was used. In only three blood sugar 
lations, however, did the changes exceed the 10 meg. limit set as the limit 


ror: 15 mg. per 100 ¢.c. deviation from the contre! in Case 2, and two values 


Sponsored by the New York Diabetes Association, 
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of 11 me, in Case 3. It would seem justifiable to conclude that the arterial 
tourniquet effects no very significant changes in the venous Dlood sugar; the 
ereater variability of the blood sugar with the arterial tourniquet, as compared 
with the venous blood sugar values when no tourniquet was applied, may be 
ascribed to the time required to inflate the cuff, when for a few seconds the 


venous tourniquet would be active and induce such variations as are discussed 


in the next paragraph. 


The results with the venous tourniquet are distinetly different. They show 


changes from the control blood sugar varying from 18 to 24 mg. per 100 cc, 


In no case was the variation less than 18 mg. per 100 ¢.c.; in four mstances the 
blood sugar rose; in one the principal change was a drop; the most consistent 


fluctuation was a rise in the blood sugar followed by a drop. 





CASE 3 CASE 5 


CONDITIONS CASE 1 
Female, 63 Female, 26 


OF VENEPUNCTURE | Female, 30 


| 
| 
L 20 ; | 


} 10 
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ee | 








Control 
Level 
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Level 




















Minutes after i* 3" 5: } 5 7 oe 4 3" rT rr ; 
Application of TQ 


CHART I.—VARIATIONS OF THE VENOUS BLOOD SuGAR FROM THE CONTROL IN FASTING 
NORMAL SUBJECTS WITHOUT A TOURNIQUET, WITH AN ARTERIAL TOURNIQUET AND A VENOUS 
TOURNIQUET. RISE IN BLOOD SuGAR IS INDICATED BY THE HEIGHT OF THE CURVE ABOVE THI 
CONTROL LEVEL LINE, A Drop BY THE DEPTH OF THE CURVE BELOW THE CONTROL LEVEL LINE. 
THE CONTROL BLOOD SUGARS VARIED FROM 81 TO 125 MG. PER 100 c.c. SEE TABLE I. 


DISCUSSION 


Without a tourniquet the venous blood sugar level, obtained at minute i 
vals over a six-minute period, shows no variations that cannot be aseribe: 
the limit of error inherent in the procedure employed. The results after th 
plication of a venous tourniquet indicate that some adjustments occur that 
cause the blood sugar to undergo fluctuations that are significant from the 
ical point of view. Such changes deviate about 20 mg. per 100 ¢.c. fron 
expected value; they generally take place within two minutes after the ap) ¢a- 
tion of the venous tourniquet. As a rule there is a rise of the blood s 
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though in one instance (Case 4) there was a marked fall. These initial varia- 
tions in the venous blood sugar are transient, and are followed by a shift in 
the opposite direction after the tourniquet has been in effect two or three min- 
utes. 

The increase of the glucose concentration in the venous blood while a venous 
tourniquet is acting may be aseribed to the foreing of arterial blood with its 
higher sugar content into the occluded veins. 

Ebert and Stead® have shown that one of the effects of venous tourniquets 
on the extremities is a reduetion of the plasma volume in the blood vessels, re- 
sulting from a transudation of fluid into the surrounding tissues. Since the 
concentration of glucose is greater in the plasma than in whole blood, such a 
diminution of plasma volume would account for a lowering of the blood sugar 
when the amount of plasma was less and the red blood cell content was greater. 

These two factors, increased accumulation of arterial blood in the veins and 
diminished plasma volume, occurring at different intervals after the application 
of a venous tourniquet, would account for either a rise or a drop in the venous 
blood sugar. The absence of these two influences with no tourniquet at all would 
explain the stabilization of the venous blood sugar under those circumstances. 

Venous blood sugars determined after the application of an arterial tourni- 
quet are shghtly more variable than those when no tourniquet is used. This may 
he accounted for by the transient phase of venous tourniquet pressure in apply- 
ing the arterial tourniquet. It is probable that if the tourniquet would be ad- 
justed with great speed, the venous blood sugar figures derived from the use of 
the arterial tourniquet would duplicate those obtained without a tourniquet. 


CONCLUSIONS 


Without a tourniquet, the venous blood sugar levels remain constant over a 


period of five minutes. The application of a venous tourniquet results immedi- 


ately in significant changes in the venous blood sugar amounting to 20 or even 25 
mg. per 100 ¢.c¢. as either an increase or a diminution from the control value. The 
use of an arterial tourniquet causes some variations in the venous blood sugar, 
Which, however, are much less marked than those obtained with the venous 
tourniquet. Tor the greatest accuracy a tourniquet should not be used in obtain- 
ing hlood for venous blood sugar determinations. 
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AN APPARATUS FOR STORAGE OF GAS-FREE SOLUTIONS FOR USE 
WITH THE VAN SLYKE GASOMETRIC METIHODS* 


R. H. Gorrz,t M.D., Care Towx, Soutu Arrica 


ARIOUS apparatus have been desiened to keep the reagents used for 
gasometrie analysis gas-free for some length of time. Most of them, how- 
ever, as pointed out by Guest and Holmes,’ have the disadvantage that the 


alkaline solutions have to pass a elass stopeock,* ° the grease of which does not 
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Fig. 1. 





hold long against the alkaline solutions and leakages oceur easily. The ap- 
paratus of Holmes* eliminates this diffieultv, but it has the disadvantaze ot 
having to be made by an expert glass blower. 

The following apparatus has been designed to take the place of more com- 
plicated pipettes; it has at the same time the advantage that only meretry oF 
paraffin comes into contact with the stopeock. 

*From the Department of Surgery, University of Cape Town. 

7Jacobus Stephanus Marais Research Assistant. 

The apparatus was blown for us by Mr. V. J, Hinkley. 

I am indebted to the Government Grant Committee for a grant covering the expelscs. 
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As seen in Fig. 1, the vessel consists mainly of four parts: (1) the upper 
storage chamber for the mereury, (2) the lower storage chamber for the solu- 
tion, (3) an S-shaped tube connecting both vessels and provided with a stop- 
eock, and (4) a delivery tube which is immersed into a small test tube filled 
with mercury, providing the seal. 

Filing of the Apparatus._—Before filling the vessel with the solution, it is 
filled with liquid paraffin, in which process special care has to be taken that the 
paraffin does not contain any air bubbles. Following this, the paraffin is dis- 
placed by the solution in the manner indicated in Fig. 2. The delivery tube is 
fitted into the bottom of the cup of the Van Slyke, a siaall rubber rine makine 


MME MeRcurRY 
[===] SOLUTION 


“] PARAFFIN 


























Fig. 2. 


the connection airtight, and mereury sealing the connection as well. With the 


‘k of our vessel open, and the leveling bulb of the Van Slyke in the upper 
ie© upper cock of the Van Slyke pipette is opened and the gas-free solu- 


Stope 
rine, 
tion is foreed slowly up the delivery tube of our vessel. It then drops through 
the pi 


affin to the bottom of the storage chamber, displacing the liquid paraffin 
Into 1 


upper chamber of the vessel. The solution is thus collected in the 
Storage chamber without coming into contact with the air. When all the solu- 


Hon has been delivered to the storage vessel, the stopcock of the vessel is closed, 
and t] 


paraffin in the upper vessel is recovered. About 10 ¢.c. of mereury are 
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then poured into the upper chamber; part of it is allowed to fill the S-shaped 
connection, providing a seal. The vessel may then be placed in a convenient 
stand, its delivery tube being immersed into mereury as shown in Fig. 1. This 
provides a complete seal, and solutions have been stored gas-free in this way 
by us for many months. 

The Use of the Apparatus.—In order to get the solution into the Van Slyke 
during an analysis, the upper storage chamber is filled with sufficient mereury. 
On opening of the stopeock, the mereury by its own gravity will flow from the 
upper into the lower storage chamber, displacing the solution via the delivery 
tube. After closing of the stopeock and after returning of the vessel into the 
stand, complete sealing is again obtained. Mereury has to be added from time 
to time in the upper vessel, as it is used for replacing the solution. 

The dimensions of the apparatus can be clearly seen from the accompanying 


figures. Actually, any size for the vessel storing the solution is possible, but for 


practical purposes 100 ¢.e. eapacity for the chamber holding the solution was 


found most suitable. The upper (mereury) chamber should conveniently hold 
about 30 ¢.c. in order to take the paraffin which is being displaced when filling, 
since 25 ¢.c. of solution may be made air-free at one time with the Van Slyke. 
The delivery tube is made of capillary tubing having a bore of 1.5 mm. It is 
constructed in such a way that the vertical part of it during filling and delivery 
of the solution is sufficiently far away from the cup ef the Van Slyke as to allow 


smooth operation of the latter’s stopcock. 
SUMMARY 


A self-sealing apparatus for the storage of gas-free solutions is described, 
which has the following advantages: 

1. It eliminates the use of rubber parts and of glass stopcocks where the 
crease could be dissolved by the alkaline solution stored in the vessel, 

2. It ean be easily filled. 

3. It provides a mercury seal for the delivery tube. 

4. The apparatus is characterized by its simplicity and therefore can be 
easily made by a moderately experienced glass blower. It is much less liable to 
break than the more complicated vessels in use. 

The vessel has been found most convenient, especially under such conditions 


where gasometrie analyses are undertaken only at long intervals. 
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A RAPID MICROANALYTICAL METHOD FOR LEAD IN URINE* 


SIDNEY KAYE,t SAN JUAN, Puerto Rico 


A METHOD is herein deseribed for the rapid microanalysis of lead in urine. 
Aub and associates’ mention the fact that ammonium hydroxide quantita- 
tively precipitates lead as lead phosphate from urine. If such be the ease, this 
would afford an exeellent means of separating the lead from interfering organic 
matter in urine. EHxperimentation,? however, showed that excess ammonia did 
not result in a 100 per cent recovery. Fairhall’ states that there is a 100 per 
cent precipitation of lead with ammonia at pll 10. This was found to be experi- 
mentally correct. 

Several excellent procedures have been deseribed for the destruction of 
organic matter in urine in preparation of the sample for the determination of 
lead. These employ either the dry muffle heat below 500° C. or the various acid 
oxidation modifieations. Although fairly rapid, these methods are not as rapid 
as the phosphate precipitation. Moreover, in the wet oxidation methods, the 
quantities of urine analyzed have been so reduced that slight deviations become 
appreciable and significant when calculated on a liter or per diem basis. Larger 
samples of urine may, of course, be digested, but then there is time consumption 
in concentrating the volume. 


PRINCIPLE OF METHOD 


The method is based upon the total precipitation of lead by the addition 
of ammonium hydroxide to urine. Lead phosphate is very insoluble and is 
easily filtered out along with the alkaline earth phosphates of calcium and 
magnesium. This precipitate is subsequently dissolved with hot dilute nitrie 
acid and is heated for a short time to oxidize any adhering organie material. 
Citric acid is added to keep the phosphates in solution during later neutraliza- 
tion, and potassium cyanide is added to form complex ions with interfering 
metals.** When the pH is adjusted between 9 and 10, the lead is extracted 
With dithizonett to separate it from extraneous salts and interfering substances. 
Once the lead is separated, it is then split from the dithizone and titrated with 
Standardized dithizone for an accurate determination. Under the above con- 
ditions only bismuth, tin, thallium, and lead react with dithizone. To remove 


the interference of bismuth and tin, these are previously extracted with 


dithizone while the solution is yet acidic. Lead is not extracted in this acid 
Solution. Thallium, as a source of interference, has not been removed, but 


Its Occurrence is rare and unlikely. 


Corr rom the Puerto Rican Department Laboratory, San Juan, P, R. Colonel V. H. 
orne M.C., Commanding. 
ad, Zn, Cu, Co, Ni. 
ptain, Sanitary Corps, Chemist and Toxicologist, Army of the United States. 
Dithizone is the abbreviated name for diphenylthiocarbazone. 
ceived for publication, Dec. 3, 1942. 
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REAGENTS 


All solutions should be kept in pyrex glass bottles. Water is distilled 
from an all-pyrex still. Ammonia water and nitrie acid should have low lead 
eontent. 

Potassium Cyanide Solution: 10 Gm, of potassium evanide (low in lead 

dissolved ‘in water to make 100 mil. 
Citric Acid Solution: 200 Cm. of eitrie acid low in lead) dissolved in 
water to make 500 mil. 

Standard Lead Nolution: 1GO me. of lead nitrate dissolved in 1,000 ml. ot 
water. One milliliter is equivalent to 100 eam 
ma’ 

Dithizone i for Preliminary Kurtraction: OD ne’, of dithizone dissolved in 

100 «ec. of chloroform. 


Dithizone 2 for Titration: 100 wl. of dithizone 1 diluted with 100° ml 
of chloroform. This is standardized against 
known lead. Approximate value is 1 ©. 

D) gamma lead. If kept in a brown bottle and 
in a cool place, the titer will not change for 
several months. This titer is satisfactory for 
amounts of lead near normal values. How 
ra 


‘ 


ever, 1f larger amounts of lead are expect 


this is determined approximately by the 


amount of dithizone required for the pre- 


liminary extraction), a stronger titer may le 
prepared. Dithizone 1, when standardized, 1 
appreximately 1 ¢.e. 10 gamma lead. Thi 
titer should be calculated to at least one deei- 
mal unit. 


All glassware should be of pyrex quality. 


METHOD IN) DI’TAIL 


Description.—The total twenty-four-hour specinien of urine is collected 
the volume measured. One-third of this volume is taken for analysis. uA 
drops ot phenolphthalein and then dropwise ammoniun hydroxide are added 
until the urine turns pink (pIL 9 to 10). This is well shaken and stoppered and 


the precipitate which forms is allowed to settle for about thirty minutes. The 


precipitate is then separated by being filtered through a Buechner funnel with 
suction and refiltered if necessary. The precipitate is washed with several s!all 
portions of aleohol. The filter paper is then inverted so that the precipitate now 
faces the perforations of the funnel. Approximately 30 to 50 ml. of hot 
cent nitric acid are successively poured over the precipitate until it ¢ 
dissolves or is completely transferred with the filtrate to the flask. T 
more easily accomplished without suction. The total redissolved precipitat 
is then gently boiled for approximately twenty minutes. It is adjustec to a 


pH of from 38 to 3.5 (lower range of methyl orange) with the dropwise adc ition 


*¥Gamma 0.001 me. 
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of ammonium hydroxide and transferred to a Squibb separatory funnel. It is 
then shaken out with 5 to 10 ml. of dithizone 1, and the dithizone-chloroform 
layer is disearded. This extracts and eliminates the possibility of either tin 
or bismuth appearing later as an interference. Lead is not extracted at this 
pil. Then 15 ml. of citrie acid are added and the solution neutralized with 
ammonium hydroxide. With the addition of 2 ml. of potassium cyanide, the 
solution is ready for the lead extraction. In an ammoniaeal solution and in 
the presence of potassium cyanide, dithizone has a selective affinity for lead, 
forming a cherry red complex of lead dithizone which is soluble in chloroform. 

A small quantity of dithizone is run into the solution from a burette and 
vigorously shaken. The rapid appearance of a cherry red chloroform layer 
indicates the presence of lead. After each addition of dithizone, vigorous shak- 
ing is necessary and the colored chloroform layer is separated carefully and 
transferred to another separatory funnel. The last traces of lead dithizone 
are washed through with several small portions of chloroform. These are also 
collected and saved. The proximity of the end point (complete removal of 
lead) may be roughly estimated by the diminution of intensity of the cherry 
red color. Tf it is very red, a larger amount of dithizone may be added and 
again Shaken and separated. After each shaking, the funnel is inverted and 
the stopeoek opened to relieve the pressure. This is continued until all the 
lead has been extracted, which is indicated when further addition of dithizone 
does not impart a cherry red color to the chloroform layer, but on vigorous 
shaking a green color persists due to excess dithizone. The presence of many 
extraneous salts prevent a sharp end point (cherry red to green). Therefore, 
the first titration-extraction is not a reliable indication of the quantity of lead 
present. The end point is difficult to see because of the lag of the transition 
of colors (cherry red, pink, violet, blue, green). To rectify this, the several 
portions of extracted lead dithizone should be carefully collected and saved. 
These combined chloroform extracts are shaken with 15 ml. of 1 per cent nitrie 
acid which quantitatively separates the lead into the aqueous solution. The 
green chloroform layer is discarded. The aqueous layer is washed by shaking 
with a fresh portion of chloroform to remove any residual dithizone. To the 
solution are added several drops of phenolphthalein and dropwise ammonia 
until alkaline, then 2 ml. of potassium cyanide, and lastly dropwise citric acid 
until the solution is just faintly pink. If the end point is overrun, a drop of 
dilufe ammonium hydroxide will adjust it. 

The solution is now titrated with standard dithizone 2. The dithizone 
may be added in one large portion to within 5 ml. of the total amount required 
in the first extraction (when cherry red color started to change). The sepa- 
ratory funnel is thoroughly shaken, allowed te stand until the layers separate, 
and the red chloroform layer is then removed. From this point, the titration 
continues carefully. The dithizone is delivered in successive small quantities 
approximately 0.5 ml. portions), and it is necessary before each shaking to 
add approximately 1 ml. of chloroform so as to have enough volume to see the 
color. After each addition, the solution should be vigorously shaken, allowed 
to settle, and then the chloroform layer run out and discarded. This is eon- 


Unued until the end point is reached, which is a persisting light green color 


the chloroform layer. 
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For standardization a known lead solution is titrated with the dithizon 
solution using the procedure previously described. Since the lead is in pure 
solution, the preliminary titration-extraction is not necessary. The quantity 
of lead in the standard used, divided by the number of milliliters of dithizon 
solution required, represents the dithizone lead equivalence. 

A lead blank is determined for the reagents. Ilowever, since the reagents 
should be of highest quality or are previously deleaded, the blanks should be 
relatively low. 

TABLE I 
ANALYSIS OF 500 ML, PORTIONS OF POOLED URINI 
EVALUATION OF THE AMOUN 


OF LEAD ADDED 
(GAMMA) 


LEAD ADDED TOTAL LEAD RECOVERED 
(GAMMA ) (GAMMA) 


100 
L100 
150 
150 
P00 
200 
500 


Table I indicates that this method for lead is applicable to urine, using 
dithizone as a standard solution. The maximum error was +5 per cent. 


SUMMARY 


1. Excess ammonium hydroxide as prescribed by Aub and associates for the 
precipitation and absorption of lead is unsatisfactory. 

2. The lead may be totally separated from urine at pH 10 as suggested by 
Fairhall. 

3. The lead is quantitatively determined by an extraction-titration pro- 
cedure with dithizone reagent. 

4. This method for determining lead in urine is rapid, sensitive, and reli: 
and the maximal deviation is + 5 per cent. 
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